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Curly Top Disease in Turkey and its Relationship 
to Curly Top in North America 
C. W. BENNETT AND Aziz TANRISEVER' 


Received for publication April 21, 1958 


Introduction 

Since the discovery of curly top on sugar beets in western 
United States more than 60 years ago there has been speculation 
as to the origin of the causal virus. For a number of years the 
disease was found only in North America and appeared to be 
limited almost exclusively to western United States, but no native 
insect was found to be a vector of the causal virus. Oman (16) * 
pointed out that the beet leafhopper, Circulifer tenellus (Baker) , 
the only known vector of curly top virus in North America, 
probably is a native of the Mediterranean area and has no close 
relatives in North America. Frazier (10) found a leafhopper in 
French Morocco which appears to be identical to C. tenellus. 
Freitag, Frazier, and Huffaker (12) showed that the leafhopper 
found by Frazier in French Morocco will cross with C. tenellus 
and that it is able to transmit the curly top virus. Young and 
Frazier (20) have published a summary of the known distribu- 
tion of the genus Circulifer and have presented extensive records 
concerning the occurrence of C. tenellus in the Mediterranean 
area. 

In view of these facts, it was of considerable interest when 
the junior author, in connection with studies of yellows and 
other virus diseases of sugar beet in Turkey, found plants near 
Eskisehir in 1955 that showed symptoms typical of curly top and 
later pointed out the similarity of gross symptoms to those pro- 
duced by curly top in the United States (18). Since Bennett 
(1) has shown that the curly top virus survives for as long as 
8 years in dried beet tissue, leaves of infected sugar beet plants 
were dried by the junior author and sent to the U. S. Agricultural 
Research Station at Salinas, California, through the Plant Quar- 
antine Division of the United States Department of Agriculture, 
for. tests to determine whether the beet leafhopper is able to 
act as a vector of the virus causing the disease in Turkey. 

In the tests at Salinas, virus was obtained from extracts of the 
dried beet leaves from Turkey by allowing nonviruliferous beet 
leafhoppers to feed on the leaf extracts after which the leafhoppers 
were caged on seedling sugar beet plants. A preliminary report 


' Plant Pathologist, Crops Research Division, Agricultural Research Service. United States 
Department of Agriculture, and Pathologist, Turkiye Seker Fabrikalari A. S., Zirai Arastirma 
Laboratuarlari, Turkey, respectively 
* Numbers in parentheses refer to literature cited. 
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of results has been presented (6). Results of further studies of 
the Turkish virus and comparisons between this and strains of 


North American curly top virus are presented in this report. 


Distribution and Economic Importance 

Curly top was discovered in Turkey first in 1955 in a field 
near Eskisehir. The incidence of infection and the presence o1 
absence of the disease in other districts were not determined. 
Che disease was found again in 1956 and appeared to be more 
prevalent than in the previous year. 

In 1957 an extensive survey of sugar-beet-producing areas in 
Turkey was made by the junior author to determine the dis- 
tribution and incidence of the curly top disease. The survey 
was made during the period from July 18 to August 10 and 
involved a trip of 3600 miles and inspection of 169 plantings. 
In each held inspected, diseased plants in 25 successive beets in 
each of 10 rows, selected at random, were counted. Estimates of 
field infection were based on these counts. Only beet plants with 
vein swellings and spine-like protuberances on the underside of 
the leaves were considered diseased. Figure | shows a map ol 
Furkey with the location of sugar factories and beet-producing 
districts. Locations where curly top was found are indicated. 


It was estimated that by July 18, 1957, up to 10 percent of 
the beets in the Eskisehir district were infected with curly top 
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Figure 1.—Outline map of Turkey showing the location of sugar factories 
and the distribution of curly top in 1957. 
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virus and that by August 24 infection had increased to 32 per- 
cent in some fields. By August 3, up to 13.8 percent of the 
plants in fields in the Erzincan district were infected. Low per- 
centages of infection were found near Afyon, Konya, Maras, and 
Amasya. The areas supplying the three western factories at 
Susurluk, Adapazari, and Alpullu were not included in the 
survey. 

The damage produced on sugar beet is difficult to assess at 
the present time due to the limited information available with 
respect to time and incidence of infection and the effects of the 
disease on infected plants. Diseased plants in one field in the 
vicinity of Eskisehir, with 31.2 percent infection, showed marked 
stunting, and yield probably was reduced significantly. There 
is a distinct possibility that the importance of the disease may 
increase with continued expansion of the sugar beet area in 
Iurkey since more widespread growing of beets may result in 
increase in sources of virus for field infection, increase in num- 
bers of insect vectors, and possibly in a more widespread dis- 
tribution of more virulent strains of the virus that may occur in 
Turkey or in neighboring areas. With continued rapid expan- 
sion of the area in Turkey devoted to the production of sugar 
beets, it may become advisable to consider control measures, par- 
ticularly the use of varieties resistant to curly top, in order to 
prevent further increased losses from the disease. 

Since curly top virus has a wide host range, it may be ex- 
pected to constitute a hazard in the production of other sus- 
ceptible crop plants. The virus recovered from Turkish sugar 
beets has been shown to be capable of causing severe damage 
to susceptible varieties of bean. Plants showing symptoms typical 
of curly top have been found in bean fields in Turkey and it 
seems probable that the disease is causing damage to this crop, 
at least in certain localities. The strain of virus isolated from 
beets from Turkey probably would cause little damage to tomato 
and tobacco; but in view of the existence of strains in the United 
States covering a wide range of virulence, some capable of caus- 
ing severe losses on both tomato and tobacco, there is no assur- 
ance that strains of the virus capable of causing injury to these 
and other plants do not exist in Turkey. 


Transmission Tests 
Various methods of inoculation were used in attempts to 
transmit the Turkish curly top virus. Mechanical inoculations 
to sugar beet plants with juice from various sources resulted 
in no infection. 
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The virus was transmitted by means of Cuscuta californica 
Choisy, using the usual methods of inoculation. Of 93 beet plants 
inoculated from diseased sugar beets, 8 became infected. 

As has been indicated already, the virus is transmitted readily 
by the beet leafhopper, Circulifer tenellus, which can acquire 
virus by feeding on diseased plants or by feeding on liquid ex- 
tracts of diseased plants through a membrane. 

Tests of Insects in Turkey 

The species of insects tested in Turkey for ability to trans- 
mit curly top virus are shown in Table 1. Circulifer opacipennis 
(Lethierry) proved to be an efficient vector in transmitting 
virus to the very susceptible sugar beet selection, SL 842. 
Symptoms on SL 842 ranged from very mild to relatively severe, 
perhaps indicating that more than one virus strain may have been 
involved. Low percentages of infection were obtained on US 
400 and Kleinwanzleben Z and no infection was obtained on 
the resistant selections US 22/3 and SL 96. The results with 
resistant varieties are similar to those obtained in the United 
States with Turkish curly top virus in which C. tenellus was 
used as a vector. No transmission was obtained with the leaf- 
hopper, Empoasca decipiens Paoli, or with the green peach aphid, 
Myzus persicae (Sulz.) 

Table 1.—Results of Tests Conducted in Turkey to Determine the Ability of Different 
Species of Insects to Transmit the Curly Top Virus. 








Variety or Selection Seedling Sugar 
of Sugar Beet Beet Plants Plants 
Species of Insect Tested Inoculated Inoculated Infected 
Number Number 
(SL. 842 30 25 
US 400 10 l 
Circulifer opacipennis < Kleinwanzleben Z 30 ! 
US 22/3 10 0 
SL 96 39 0 
Empoasca decipiens SL 842 10 0 
Myzus persicae Kleinwanzleben Z 396 0 





Tests of Seeds for Transmission 
Fruits from tomato plants infected with the Turkish curly 
top virus were harvested and the seeds extracted and dried. 
Shortly after harvest the seeds were planted in flats. The seed- 
lings were watched for the appearance of symptoms of curly top 
until they had attained a height of 15 cm. or more. Eight hun- 
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dred seeds were planted from which 744 seedlings were obtained. 
None showed evidence of being infected. 

A second test was made in which seeds from an annual beet 
were used. The seed plants showed clearly defined symptoms 
of disease throughout all stages of growth, and it seems probable 
that the effects of virus would be evident in seedlings in case of 
transmission through the seeds. Three hundred seed balls from 
diseased plants were planted in flats and the,resulting seedlings 
held until they reached the 4-leaf stage. From the 300 seed balls, 
430 seedlings were obtained, all of which were free of curly top 
symptoms. Like North American curly top virus, this virus 
appears not to be seed transmitted. 

Evidence indicates that although North American curly top 
virus is not seed transmissible, the virus may be present in the 
seeds of sugar beet in relatively high concentrations (5). Other 
tests, unreported, have shown that the virus occurs in relatively 
high concentrations in the seed coat of bean but is absent from 
the embryo. 

Attempts were made to recover the Turkish virus from seeds 
of tomato and an annual type of beet by feeding extracts of seeds 
to beet leafhoppers. In these tests tomato and beet seeds from 
the lots used in the tests for seed transmission already described, 
were ground in a mortar and mixed with distilled water at the 
rate of 10 seeds in | ml. of water. The mixture was centrifuged 
and the supernatant liquid decanted and treated with 95 per- 
cent ethyl alcohol. The resulting precipitate was removed by 
centrifugation, dried, and made up to the original volume with 
a 6.8 mM solution of sodium citrate in 3 percent sucrose. Non- 
viruliferous beet leafhoppers were permitted to feed about 5 
hours on the extract after which they were caged singly on seed- 
ling sugar beet plants. 

Of 20 plants inoculated by means of leafhoppers that had fed 
on extracts of tomato seeds, 7 became infected indicating a 
relatively high concentration of virus in the seeds. Three tests 
with seeds of the annual beet, however, gave no indication that 
these seeds contained virus. 


Host Range and Comparative Effects of the Virus 

The effects of the Turkish virus were compared with severity 
of symptoms produced by curly top virus strain 3, described by 
Giddings (14), on a number of species and varieties of plants. 
Strain 3 has a high degree of virulence. Plants were inoculated 
in early stages of development. Two viruliferous leafhoppers 
were allowed to feed for a period of 7 days on each of the plants 
of the species and varieties of Beta. 
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Larger numbers of insects, ranging from 4 to 25 per plant, 
were used on plants of other species. Inoculations with the 
two virus strains were made in parallel tests and severity of 
symptoms was graded on a scale of 5 in ascending order of severity. 

The results, presented in Table 2, show that the Turkish 
curly top virus has an extensive host range and that this range 
is very similar to that of North American curly top virus. 

Compared to strain 3, the Turkish virus was relatively less 
severe on all varieties of sugar beet, Turkish tobacco, tomato, 
and a number of other plants. The varieties of sugar beet, 
arranged in Table 2 more or less in order of their resistance 
to strain 3, show the same relative resistance to the Turkish 
virus as to strain 3. 


Table 2.—Comparative Effects of Turkish Curly Top Virus and Virus Strain 3 on 
Different Species and Varieties of Plants. 





Turkish Virus Strain 3 
Average Average 
Species, Variety, o1 Plants Plants Severity of Plants Plants Severity of 
Selection Tested Inoc. Inf. Symptoms! Inoc. Inf. Symptoms 
Number Percent Grade Number Percent Grade 
inagalis arvensis 10 100.0 1.0 10 100.0 1.0 
{triplex semibaccata 10 0.0 10 0.0 
Beta macrocarpa 9 88.9 1.2 10 80.0 4.4 
Beta maritima 10 80.0 14 10 90.0 3.4 
Beta patellaris 10 0.0 10 40.0 1.0 
Beta patula 10 100.0 2.5 10 0.0 
Beta procumbens 10 0.0 10 6.0 
Beta vulgaris 
R. & G. Old Type 20 80.0 1.8 19 78.9 4.5 
Friso Rykmaker 18 72.2 1.6 20 95.0 3.9 
Giant Half Sugar Beet 20 75.0 1.5 19 89.5 4d 
SL 842 59 86.5 2.5 10 85.0 1.0 
US 15 39 84.8 1.5 10 87.5 3.9 
US 56 39 15.3 1.0 40 15.0 $3.4 
US 33 12 25.0 1.3 12 83.3 3.0 
US 75 60 1.7 1.0 60 26.7 2.2 
SL 96 10 0.0 60 16.5 1.0 
Capsella bursa- pastoris 10 100.0 5.0 16 83.3 3.6 
Chenopodium album 10 90.0 2.0 10 0.0 
Chenopodium 
amaranticolor 10 100.0 5.0 10 0.0 
Chenopodium ambrosioides 10 70.0 0.0 10 0.0 
Chenopodium capitatum 10 20.0 1.0 10 0.0 
Chenopodium murale 10 90.0 2.0 10 0.0 
Datura stramonium 10 40.0 1.0 10 50.0 4.8 
Erodium cicutarium 10 90.0 5.0 10 100.0 4.1 
Linum usilatissimum 
Imperial 20 90.0 5.0 20 80.0 2.9 
Punjab 47 20 100.0 5.0 20 85.0 3.7 
Punjab 53 20 95.0 4.9 20 75.0 2.9 


Lycopersicon esculentum 20 100.0 1.0 20 100.0 5.0 
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Table 2.—Continued. 





Turkish Virus Strain 3 
Average Average 
Species, Variety, cr Plants Plants Severity of Plants Plants Severity of 
Se.ection Tested Inoc. Inf. Symptoms! Inoc. Inf. Symptoms! 
Number Percent Grade Number Percent Grade 

Malva rotundifolia 10 90.0 1.0 ll 81.0 1.0 
Nicotiana clevelandii 5 100.0 5.0 5 100.0 5.0 
Nicotiana glauca 5 80.0 0.0 5 80.0 0.0 
Nicotiana g.utinosa* 20 90.0 £.5 20 95.0 1.5 
Nicotiana paniculata 10 0.0 10 100.0 5.0 
Nicotiana rustica 10 0.0 10 80.0 1.6 
Nicotiana stocktonii 10 100.0 5.0 10 100.0 5.0 
Nicotiana syiwesitis 10 0.0 10 90.0 2.9 
Nicotiana tabacum 10 100.0 1.0 10 100.0 3.8 
Oxaiis corn.culata 10 0.0 10 80.0 20 
Phaseolus vulgaris 

Yeilow Six Weeks 13 92.3 4.1 13 100.0 5.0 

Bountiful ho 100.0 5.0 I> 100.0 5.0 

Red Mexican 13 0.0 13 0.0 
Samolus parviflorus* 20 100.0 4.0 20 100.0 1.0 
So.anum tuberosum 11 0.0 8 0.0 
SperQguiad arvensis 10 30.0 1.0 10 30.0 2.3 
Zinnia elegans 20 100.0 5.0 20 50.0 3.5 





Severity of symptoms based on a numerical scale of | to 5 inclusive, in ascending order 
of severity 
* High degree of recovery from initially severe symptoms. 


* No synu.pto.ns but virus was recovered from inoculated plants cither by graft or by means 
ol beet leafhoppers 


Injury by the two strains was about equal on Nicotiana 
glutinosa L. and Samolus parviflorus Rat., and the Turkish virus 
reacted as a virulent strain on each species. 

Injury by the Turkish virus was somewhat more severe than 
strain 3 on Capsella bursa-pastoris (L.) Medic., Erodium cicu- 
farium (L.) L’Her., Linum usitatissimum L., and Zinnia elegans 
Jacq. It was considerably more severe than strain 3 on Chen- 
opodium amaranticolor Coste & Reyn. and C. murale L. In tact 
neither of these latter species showed symptoms from strain 3 
or from strain 11, the most virulent strain of curly top virus on 
beet thus far discovered. None of the virulent strains of curly 
top virus has produced symptoms on C. amaranticolor or on 
C. murale but the less virulent strains 2 and 7 produced very 
mild symptoms on C. amaranticolor. Strains of low virulence on 
sugar beet have been recovered from plants of C. murale on which 
no symptoms were evident. It seems probable, therefore, that 
these species of Chenopodium are more susceptible to weak 
strains of North American curly top virus than to virulent strains 
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as determined by their reaction on sugar beet. Chenopodium 
album L. and C. capitatum (L.) Asch., as shown in Table 2, also 
appear to be more susceptible to injury by the Turkish virus 
than by strain 3. They were not tested with the weaker strains 
of North American curly top virus. 

The wide range of relative susceptibility of C. amaranticolor 
and sugar beet to the Turkish virus and to the highly virulent 
strain 11 is illustrated in Figure 2. . 





Figure 2.—Plants of sugar beet and Chenopodium amaranticolor show- 
ing comparative effects of North American strain 11 and Turkish curly top 
virus. Left to right, (St. 11) sugar beet plants infected with strain 11; (St. T) 
sugar beet plants infected with Turkish virus, partially recovered; (St. 11) 
plants of C. amaranticolor inoculated with strain 11; (St. T) plants of C. 
amaranticolor infected with the Turkish virus. The Turkish virus is less 
severe than strain 11 on beet but more severe on C. amaranticolor. 


Description of Symptoms 

Symptoms produced on plants found susceptible to infection 
by the Turkish virus are, in general, similar to those produced 
by strains of curly top virus found in North America. First 
symptoms usually consist of clearing of veins of young leaves. 
This is followed by the production of vein swelling and dis- 
tortion often accompanied by leaf curling. A certain degree of 
variation, however, was noted in some species as indicated by 
the following descriptions of symptoms on some of the plants 
infected. 
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Figure 3.—Beet leaf showing vein swelling and spine-like outgrowths 
from veins induced by the Turkish curly top virus. 


Symptoms on Crop Plants 
Beta vulgaris L. Sugar Beet. Varieties very susceptible to 
curly top in the United States begin to show distinct clearing 
of veins of young leaves 4 to 14 days after inoculation. Veins 
become swollen, leaves are curled and twisted, small drops of 
a clear liquid sometimes appear on the blades and petioles, and 
there is considerable necrosis in the phloem of the petioles. 
Plants are not markedly dwarfed and a degree of recovery follows 
the more severe initial symptoms. In the recovery state leaves 
are more or less normal in shape and size but the veins show 
swelling and irregularity and often produce marked spine-like 
outgrowths. 
Nine varieties of sugar beet, varying in curly top resistance 
from very susceptible to very resistant, were inoculated with the 
virus from Turkey. The varieties that were infected showed the 
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same relative order of resistance to the virus from Turkey as 
to the virulent strain 3. No infection was obtained with the 
virus from Turkey on the most resistant variety, Sl. 96, and 
symptoms produced by the Turkish virus were less severe than 
those produced by strain 3 on the 8 varieties that became infected. 

The type of vein swelling produced by the Turkish virus on 
a susceptible variety of sugar beet is shown in Figure 3, and 
symptoms produced on the susceptible selection SI. 842 are 
shown in Figure 4 in comparison with symptoms produced by 


> 


stra‘n 3 on the same selection. 





Figure 4.—Sugar beet plants, SL 842, showing the effects of North-Ameri- 
can strain 3 and Turkish curly top virus. Plants (St. 3) infected with strain 
3; plants (St. T) infected with Turkish virus; and plants (Ck.) not inoculated. 


Phaseolus vulgaris L. Bean. As with North American curly 
top virus, there is a wide range of reaction among varieties ol 
bean to infection with the Turkish virus. Varieties such as Yellow 
Six Weeks and Bountiful, known to be susceptible to severe in- 
jury by curly top in the United States, were severely injured, 
whereas no injury was produced on the resistant variety Red 
Mexican. 

Symptoms on susceptible varieties are very severe. Young 
leaves roll downward and inward and become badly curled and 
growth is greatly retarded. Older leaves yellow and drop pre- 
maturely. Greenhouse plants lost the older leaves and were 
reduced to stems and terminal and axillary clusters of small 


rolled leaves. 
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Lycopersicon esculentum Mill. Tomato. First symptoms on 
tomato consist of inconspicuous vein clearing and upward rolling 
and slight twisting of the very young leaves. As growth con- 
tinues, leaves are somewhat dwarfed and tend to curl downward 
as shown in Figure 5A (St. T). Diseased plants are not markedly 
smaller than healthy check plants, but they may be somewhat 
paler. Symptoms tend to be mild under all conditions and 
severity of effects appears to be determined to some degree by 
environmental conditions. Diseased plants that are deficient in 
nitrogen show more leaf rolling and purple discoloration of 
foliage than healthy plants under similar conditions. Rapidly 
growing plants show little or no evidence of disease. These varia- 
tions have continued through several vegetative propagations 
with cuttings. Production of mild symptoms on tomato has 
been noted with only one strain of North American curlv top 
virus; all others that infect tomato are usually lethal if introduced 
by means of the beet leafhopper. 

Spinacia oleracea 1.. Svinach. Infected plants first show vein 
clearing in the young leaves. Growth is retarded and the affected 
leaves become twisted and distorted. Older leaves turn yellow 
and the plants eventually wilt and die. 

Nicotiana tabacum L. Tobacco. var. Turkish. Symptoms are 
very mild even on seedline plants. and consist of inconspicuous 
vein clearing and barely perceptible rugoseness of mature leaves. 
Shoots from cuttings of infected plants sometimes show more 
obvious svmptoms than do plants inoculated by means of the 
heet leafhopper. When the plants flower, swelling may be evi- 
dent on the veins of the calvx and corolla, even in the absence 
of symptoms on other parts of the plant. There is little stunting 
of diseased plants and symptoms are milder than those produced 
by any of the known strains of North American curly top virus. 
Most of the less virulent strains of the North American curly 
top virus, however, do not infect Turkish tobacco. 


Symptoms on Weeds and Other Host Plants 
Capsella Bursa-pastoris (L.) Medic. Shepherd’s Purse. Young 
leaves begin to show vein clearing 6 to 8 days after infection and 
twist and roll downward. Growth is greatly retarded, older leaves 
vellow and die prematurely. Plants infected when small produce 
little further growth and usually die 4 to 7 week after infection. 
Chenopodium album L. Lamb’s-quarters. Plants show slight 
vein clearing in the early stages. In later growth the leaves are 
slightly rugose but not curled or otherwise deformed. Symptoms 
continue to be produced on new growth and there is no evidence 
of recovery. Leaves are nearly normal in shape and size. Veins 
are swollen in certain areas on the lower side and spines are pro- 
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duced that may be 2 mm. in length. No symptoms were produced 
by strain 3 on a companion series of plants. 

Chenopodium amaranticolor Coste & Reyn. First symptoms 
ou plants inoculated when small consist of vein clearing and 
vein swelling in the younger leaves. As the plants grow, leaves 
are dwarfed, rugose, and curled. Plants are dwarfed to about 
two thirds normal size and there is no obvious recovery (Fig. 2) . 
Symptoms produced on this species are more severe than those 
produced by any of the strains of North American virus tested. 

Chenopodium murale L. (Sowbane). Leaves on infected 
nlants show a slight amount of vein clearing in the early stages 
of development and veins are slightly swollen and distorted. The 
margins of the leaves tend to roll upward and leaves are deeper 
ereen in color than normal leaves. Plants are dwarfed and rarely 
attain a height of more than 10 cm. if inoculated in the 2- to 
{-leaf stage. If the plants are larger at the time of infection. they 
may show only a small amount of leaf rolling and vein swelling. 
Plants usually grow to maturity but they are markedly dwarfed. 

Datura stramonium 1... Timsonweed. Plants inoculated in the 
seedling stage by means of the beet leafhopper show vein clear- 
ine on two or three leaves but there is very little vein swelling 
and no leaf distortion. Later growth is free of symptoms and 
infected plants are as large as healthy checks. Plants inoculated 
bv means of infected tomato scions showed no evidence of in- 
fection but virus was transmitted from the inoculated plants to 
nlants of Nicotiana elutinosa. Apparently symptoms are pro- 
duced on D. stramonium only if the virus is introduced by means 
of the beet leafhopper. 

Erodium cicutarium (1...) L’Her. Red-Stem Filaree. Symp- 
toms begin to appear on infected plants about 10 days after 
inoculation and consist of yellowing and twisting of young leaves 
followed by the production of much red pigment. Growth is 
ereatly retarded, the older leaves become necrotic, and the plants 
usually die without producing much additional growth follow- 
ino infection. The disease produces symptoms more severe than 
those caused by strain 3. In a series of inoculations, all of the 
plants infected with the Turkish virus were killed, whereas those 
infected with strain 3 survived and showed some evidence of 
recoverv although they were greatly stunted. 

N’cotiana glauca Grah. California Tree Tobacco. This species 
is susceptible to infection by the Turkish virus but no symptoms 
are produced. Transmission by graft to plants of Nicotiana 
elutinosa indicated that the virus is retained in infected plants 
for extended periods. The species is a symptomless carrier also 
of a number of strains of North American curly top virus. 
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Nicotiana glutinosa L. Symptoms were severe on plants of 
this species when inoculations were made by means of the beet 
leafhopper. Leaves were severely curled and dwarfed and had 
a deeper green color than normal leaves. Older leaves died pre- 
maturely; the plants were dwarfed; and some of the plants died 
6 to 8 weeks after infection. Some of those that survived pro- 
duced growth from axillary buds that was nearly normal, and 
the plants recovered to a marked degree. 

Stellaria media (L.) Cyr. First symptoms appear in the young 
leaves and consist of vein clearing, vein swelling, and leaf dis- 
tortion. Growth is retarded, older leaves yellow, and the plants 
die within a relatively short time. There was no evidence of 
recovery. 

Zinnia elegans Jacq. Zinnia. Symptoms on zinnia are typical 
of those caused by the more virulent strains of North American 
curly top virus, but more severe. Young leaves show vein clear- 
ing and are dwarfed, twisted, and curled. Plants produce little 
additional growth after symptoms appear and most of the plants 
die, whereas plants infected with strain 3 usually blossom but 
are dwarfed to about one-third normal size. 

Recovery and Protection 

Turkish tobacco, several other species of Nicotiana, and water 
pimpernel recover to a marked degree from curly top as it occurs 
in the United States. Wallace (19) showed that virus transmitted 
by scions of recovered tomato and tobacco usually produces 
relatively mild symptoms, whereas the same virus transmitted 
by the beet leafhopper produces severe symptoms. Studies were 
made with the Turkish virus to obtain information regarding 
the extent to which plants recover following infection, and the 
degree of protection this virus affords against infection and 
injury by strains of North American curly top virus. 

Recovery of Diseased Plants 

Sugar beet shows a certain amount of recovery from the 
Turkish virus. Seedling plants of susceptible varieties show 
marked curling and twisting of young leaves but later growth 
is likely to show little leaf deformity. The degree of recovery 
shown by seedling plants probably is somewhat greater than the 
recovery from North American curly top. 

Nicotiana glutinosa and water pimpernel recover to a high 
degree. Plants of N. glutinosa infected by means of the beet leaf- 
hopper, show marked leaf curling and dwarfing. Growth is 
greatly retarded and some plants die. After 6 weeks or more, 
terminal or axillary buds grow and produce shoots that are nearly 
normal. After recovery, the plants remain free of severe symp- 
toms indefinitely. 
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Symptoms of Turkish curly top are very severe on water 
pimpernel. Young leaves are badly curled and dwarfed, growth 
is retarded, and many plants die. Plants that remain alive pro- 
duce more or less normal growth from terminal or lateral buds. 
Progenies of recovered plants have remained in the recovery 
stage through three successive vegetative generations. No obvious 
symptoms were visible on some of the recovered plants; others 
showed mild leaf rolling and vein swelling at intervals. 

Plants of Datura stramonium recovered completely from mild 
symptoms but tomato and Turkish tobacco, both of which pro- 
duced mild symptoms. did not recover. Plants of Chenopodium 
album, C. amaranticolor. and Zinnia elegans. all of which had 
marked symptoms, showed no evidence of recovery. The degree 
to which plants recover from the Turkish curly top, therefore. 
varies widely and appears to be determined hy the species of 
plant infected. 


Protection by Graft 


Nicotiana glutinosa was chosen for studies of protection by 
grafts because of its high degree of recovery from severe symp- 
toms. In these tests, 30 plants of N. «lutinosa, each about 20 cm. 
tall, were selected. Ten plants were inoculated by means of beet 
leafhoppers, 10 by means of scions from recovered plants of 
N. glutinosa, and 10 plants were retained as checks. Symptoms 
appeared on all inoculated plants in 2 to 3 weeks. Plants inocu- 
lated by means of the beet leafhopper preduced symptoms char- 
acterized by ‘marked leaf rolling and dwarfing and general stunt- 
ing of the plants. Those inoculated by means of scions from 
recovered plants produced vein clearing on young leaves ac- 
companied by a slight amount of vein swelling, but there was 
little leaf deformity or stuntine of plants. Growth was only 
slightly less than that produced bv noninoculated check plants. 

It was not feasible with Turkish tobacco and tomato to make 
graft protection tests because of the failure of these two species 
to recover from mild symptoms. Tests were made, however, to 
determine whether scions from infected plants of Turkish tobacco 
and tomato protected plants of Nicotiana glutinosa against in- 
jury. In these tests, scions from Turkish tobacco and tomato 
plants that had been infected for more than a month, were 
grafted to plants of N. glutinosa. All inoculated plants became 
infected but symptoms were very mild and were of the same 
order of severity as those produced by inoculation with scions 
of recovered plants of N. glutinosa. 

These results indicate a high degree of protection bv inocu- 
lation with tissue from recovered plants. The results with scions 
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; from Turkish tobacco and tomato on N. glutinosa indicate that 
it may not be necessary for a plant to pass through a visible 
. recovery phase in order to afford protection against severe injury. 

The presence of the Turkish virus in Turkish tobacco and 


| tomato, even in the absence of obvious recovery, appears to be 
; sufficient for conditioning of scions for protection of N. glutinosa 
: against severe injury. 

Cross-Protection Tests 


- It has been shown by Giddings (15) with sugar beet and by 

Bennett (2) with water pimpernel, that one strain of North 

American curly top virus apparently offers little. if any, pro- 

? tection against infection or injury by strains of the same virus 

more virulent than the strain introduced first. In an effort to 

determine whether this is true also with the Turkish virus, tests 

were made with tomato, Turkish tobacco, sugar beet, and water 
pimpernel. 

In one test. typical of others that were conducted, 10 tomato 

plants were grown from cuttings of a plant with Turkish curly 

top and 10 plants were produced from cuttings of a healthy 

tomato plant. Five of the plants with Turkish curly top and 5 

) healthy plants were inoculated with strain 3 by means of beet 

leafhoppers. 

The results of this test are illustrated in Figure 5A. Healthv 
plants inoculated with strain 3 produced severe symptoms and 
eventually died. Also. all plants with the Turkish virus inocu- 
lated with strain 3, produced severe symptoms and died. Symp- 

) toms were more severe on plants with both viruses than on plants 
infected with strain 3 alone and plants with the combination of 

strains died in shorter periods than those with strain 3 alone. 

The tests with tomato was repeated with Turkish tobacco. 
Results are illustrated in Figure 5B. Plants from cuttings in- 


fected with Turkish virus were again more severely affected by 
’ strain 3 than were plants from cuttings from healthy plants. 
The majority of the plants infected with both viruses died but 
some recovered and produced shoots that were more or less 

normal in appearance. Plants infected only with strain 3 re- 
; covered in larger numbers and somewhat faster than those in- 
fected with both viruses. 


; Tests were made also with sugar beet and water pimvernel 
: in which the 4 possible combinations of inoculations with two 
? viruses were made. In sugar beet, plants to be inoculated 
with two viruses were inoculated first in the cotyledon stage and 
the second inoculation was made about 3 weeks later when the 
plants had 6 to 8 leaves. The results of one test, selected as repre- 











Figure 5.—Tomato and tobacco plants showing the effects of Turkish 
curly top virus and North American strain 3, in combination and singly, on 
growth. A, Tomato plants (St. T + 3) with curly top virus strain 3 super- 
imposed on Turkish curly top virus; (St. 3) curly top virus strain 3 alone; 
(St. T) Turkish curly top virus alone, and (Ck.) noninoculated plant. B, 
Turkish tobacco plants with the same viruses and virus combination, 


respectively, as shown in A, 
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sentative, are presented in Table 3. These results indicate that 
previous infection with the Turkish virus provided no protection 
against infection or injury by either strain | or strain 11. 


Table 3.—Results of Cross-Protection Tests Between the Turkish Virus and North Ameri- 
can Strains | and I! on the Susceptible Sugar Beet Selection SL 842. 





Virus Used Virus Used Average Final 
in First in Second Plants Severity of 

Inoculation Inoculation Infected Symptoms! 

Number Grade 

Turkish None 10 1.0 
None Lurkish 10 1.2 
Turkish Strain | 10 3.9 
Turkish Strain 11 10 4.4 
None Strain | 10 4.1 
None Strain 11 10 4.3 





Severity of symptoms based on a numerical scale of 1 to 5, inclusive, in ascending order 
of severity 

In tests made with water pimpernel, the Turkish virus and 
strain 3 were introduced into water pimpernel plants having a 
rosette of leaves about 5 cm. in diameter. Each virus produced 
marked effects, and symptoms produced by the two viruses were 
about equal in severity. Some of the infected plants in each lot 
recovered and produced new growth that appeared nearly 
normal. The recovered plants were propagated vegetatively and 
inoculated in a series with healthy seedling plants of about the 
same size. The viruses and virus combinations used and results 
are shown in Table 4. 

Table 4.—Results of Cross-Protection Tests with Turkish Virus and North American 
Strain 3 in Water Pimpernel. 





Condition of Plants 


Virus Used in at Time of Virus Used in Plants Average Severity 
First Inoculation Second Inoculation Second Inoculation Inoculated of Symptoms! 
Number Grade 
None Healthy Turkish 10 4.5 
None Healthy Strain 3 10 4.2 
Turkish Recovered Turkish 5 1.3 
Turkish Recovered Strain 3 5 1.2 
Strain 3 Recovered lurkish 5 1.2 
Strain 3 Recovered Strain 3 5 1.3 





1 Severity of symptoms based on a numerical scale of 1 to 5, inclusive, in ascending order 
of severity. 
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In this test there was a decided protection by each virus 
against injury by the second virus that was introduced. Thus, it 
appears evident that the Turkish virus protects against injury 
by strain 3 in water pimpernel but offers no protection against 
injury by strain 3 in beet, Turkish tobacco, or tomato. The 
results with water pimpernel, however, may be interpreted as 
being in accord with results obtained with strains of North 
American curly top virus in which recovered plants were re- 
sistant to injury by all strains no more virulent than the strain 
from which the plant had recovered, but susceptible to injury 
by strains more virulent than the strain from which the plant 
had recovered (2). Although the Turkish virus is less virulent 
than strain 3 on most host plants, it is about equal in virulence 
to strain 3 in water pimpernel. It would appear, therefore, that 
among strains of curly top virus, protection may be determined 
by relative virulence of the competing strains in the specific host 
involved and that the degree of protection between the Turkish 
virus and strains of North American curly top virus may differ 
widely in different host plants. 


Retention of the Turkish Virus by the Beet Leafhopper 

North American curly top virus is retained by the beet leaf- 
hopper for as long as 90 days but there is evidence that the virus 
concentration in the insect declines over a period of time in 
daily transfers on seedling sugar beets (7, 11). Leafhoppers with 
low initial charges of virus may become nonviruliferous if forced 
to feed on an immune plant (7). 

Tests of retention of the Turkish virus by the beet leafhopper 
were made by selecting large nymphs reared on diseased plants, 
and transferring them singly at daily intervals on seedling sugar 
beet plants. Thirty four leafhoppers were tested. The life span 
of the leafhoppers following their selection ranged from 6 to 49 
days which was considerably shorter than that of leafhoppers 
used in similar tests with North American curly top virus. The 
reasons for this shorter life span is not known. Efficiency of 
transmission of the virus varied with different insects but more 
than 50 percent of the plants on which the insects fed became 
infected. Of 6 leafhoppers that lived 41 to 49 days, 5 showed 
no obvious loss of ability to transmit, whereas the remaining 
leafhopper transmitted to 1] plants in the first 23 days and failed 
to transmit in the succeeding 26 days. It seems evident from 
these results that the Turkish virus is retained by the beet leaf- 
hopper for prolonged periods but there is little evidence with 
respect to whether the virus is able to increase in the vector. 
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; Discussion and Conclusions 

Evidence indicates that the virus found in beets in Turkey 
is a type of curly top virus and that it is closely related to the 
curly top virus complex present in North America. This evidence 


seems to be rather conclusive. 

The Turkish virus is transmissible by the beet leafhopper, 
Circulifer tenellus. This insect is the only known vector of curly 
top virus in the United States. This degree of vector specificity 
is unusual with plant viruses. Close relatives of the beet leat- 
hopper that might be expected to be vectors do not occur in 
North America. One species of the genus Circulifer, C. opact- 
pennis, has been shown to be a vector of curly top virus in Turkey. 
Other species remain to be tested. The discovery of an addi- 
tional vector in Turkey supports the concept of a Mediterranean 
origin of curly top virus and is further indication of a relation- 
ship between the Turkish virus and the North American complex. 

Symptoms produced by the virus from Turkey are similar 
to those produced by strains of the North American curly top 
virus complex. Certain species, notably Nicotiana glutinosa and 
Sameolus parviflorus, recover from the more severe symptoms 
produced following inoculation by means of the beet leafhopper. 
Mild symptoms are produced on plants of N. glutinosa follow- 
ing inoculation by means of recovered scions of N. glutinosa and 
from infected plants of Turkish tobacco and tomato, whereas 
severe symptoms were produced following inoculation by means 
of the beet leafhopper. This type of recovery and protection 
parallels results obtained with strains of North American curly 
top virus. 

There is no evidence of cross-protection between strains of 
North American curly top virus or between strains of North 
American curly top virus and the Turkish curly top virus in 
sugar beet, Turkish tobacco, or tomato. Giddings (15) states 
that susceptible varieties of beets infected with the less virulent 
strains were not immunized from the more virulent strains but 
appeared to be rendered more susceptible to severe injury by 
such prior infection. In a parallel manner, infection of tomato 
and tobacco with the Turkish virus, which is relatively mild in 
its effects on these plants, appears to render the plants more 
susceptible to injury by the more virulent strain 3. A synergistic 
reaction between strains of the same virus appears not to have 
been reported with any other virus. although a similar reaction 
has been found between unrelated viruses. This reaction in 
most instances would be considered to indicate unrelatedness 
but since the effects of the Turkish virus are not essentially 
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different from reactions already reported with strains of North 
American curly top virus it can hardly be accepted as evidence 
of unrelatedness in this case. 

The Turkish virus differs from North American curly top 
virus in relative severity on certain host plants. North American 
strains of curly top virus have fallen in the same order with 
respect to severity on all hosts tested, with very limited excep- 
tions. If two strains show a relative severity on beet they show 
more or less this same relative severity on other plants they infect. 
Even plants such as the Bountiful variety of bean that may be 
killed by the less virulent strains, are killed in shorter periods 
by the more virulent strains. The Turkish virus, however, 
although it reacts as a strain of low virulence on sugar beet, 
reacts as a virulent strain on a number of species, notably Chen- 
opodium amaranticolor, C. murale, Erodium cicutarium, Linum 
usitatissimum, Nicotiana glutinosa, Samolus parviflorus, and 
Zinnia elegans. 

These differences in range of virulence on different host 
plants would appear to have significance with respect to probable 
origin of the North American complex. If the Mediterranean 
area is the place of origin of the curly top virus, it seems probable 
that the virus may have existed there over a period of many cen- 
turies, which would afford opportunities for the production of 
variants having a wide range of variability. Introduction of curly 
top virus from its native habitat into North America may have 
occurred relatively recently and may have involved virus with 
a limited range of variability. Mutation of this virus over a 
much shorter period would be expected to produce a complex 
of strains that would show closer relationships to each other 
than to strains of the complex in the area where the virus orig- 
inated. In this connection, it is worthy of note, also, that Young 
and Frazier (20) state that the range of variation in Circulifer 
tenellus is greater in the Mediterranean area than in western 
United States. 

The discovery of curly top virus in Turkey again raises the 
question of the relationship of curly top virus in South America 
to the curly top virus complex in other parts of the world. Three 
curly top viruses have been described in South America. 

Fawcett (9) described a disease of sugar beet in Argentina 
that is transmitted by the leafhopper, Agalliana ensigera Oman. 
The causal virus is somewhat less virulent on sugar beet than 
some of the North American strains of curly top virus and it 
apparently is not transmissible by the beet leafhopper, Circulifer 
tenellus (3). 

















209 





VoL. X, No. 3, Ocroser 1958 

Bennett and Costa (4) reported that a type of curly top virus 
in Brazil, first reported by Sauer (17), infects sugar beet and 
tomato. This virus is transmitted by the leafhopper, Agallia 
albidula Uhl., but Costa (8) reported that it is not transmissible 
byAgalliana ensigera. The relationship of this virus to C. tenellus 
has not been determined. 

Costa (8) reported a third type of curly top virus in Brazil, 
apparently closely restricted in its host range to Solanaceous 
species, and transmitted by Agalliana ensigera and A. sticticollis 
Stahl, but not by Agallia albidula. 

It has not been established definitely that the South American 
curly top viruses are related to the North American virus. How- 
ever, a possible relationship is indicated by the similarities of 
symptoms produced and by the hosts of the respective viruses. 
Moreover, the known properties of the Argentine virus are sim- 
ilar to those of the North American curly top virus and sugar 
beet varieties tested in Argentina showed the same order of re- 
sistance to the Argentine virus as they showed to the North 
American virus (3). 

Much additional information with respect to host ranges. 
properties, and insect vectors will be required before definite 
conclusions may be reached as to the relationships and origins 
of the respective entities that are now considered to constitute 
the curly top virus complex. No conclusions are justified with 
respect to the curly top viruses in South America on the basis 
of available information but the more recent developments 
present the distinct probability that the curly top virus in North 
America was introduced from the Mediterranean area along with 
its only known North American vector, Circulifer tenellus. 


Summary 

Sugar beet plants were found in 1955 near Eskisehir, Turkey, 
with symptoms typical of curly top as it occurs in the United 
States. The disease was found again in 1956 and a survey in 1957 
showed that the disease was present in at least 7 widely separ- 
ated localities in Turkey and that incidence of infection reached 
32 percent in some fields. 

Virus was recovered at the U. S. Agricultural Research Station 
at Salinas, California, from extracts of dried leaves received from 
lurkey. The virus was readily transmissible by the beet leaf- 
hopper, Circulifer tenellus. In Turkey it was transmitted also 
by C. opacipennis. Other species of Circulifer that occur in the 
Mediterranean area have not been tested. The virus was trans- 
missible by graftage and by means of Cuscuta californica, but 
not by juice inoculation. No evidence of seed transmission was 
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obtained but relatively high concentrations of virus were found 
in seeds of tomato. 

The Turkish virus proved to have essentially the same host 
range as North American curly top virus. Varieties of sugar beet. 
differing in resistance to curly top, showed the same order of 
resistance to the virus from Turkey as to the virulent strain 3 
of the North American curly top virus. The Turkish virus was 
relatively mild on sugar beet, Turkish tobacco, and tomato. It 
was equal to strain 3 in severity on Nicotiana glutinosa and 
Samolus parviflorus and more severe than strain 3 on Chen- 
opodium album, C. amaranticolor, C. murale, Erodium cicutar- 
ium, Linum usitatissimum, and Zinnia elegans. 

Nicotiana glutinosa and Samolus parviflorus, both severely 
injured by the Turkish virus, recovered to a high degree. Inocu- 
lation of plants of N. glutinosa with scions trom recovered plants 
resulted only in mild symptoms, whereas inoculation by means 
of leafhoppers resulted in the production of severe symptoms. 
Scions from Turkish tobacco and tomato which showed only 
mild symptoms and no recovery also protected N. glu/inosa against 
severe symptoms. 

Ihe Turkish virus did not protect against infection or in- 
jury from virus strain 3 in sugar beet, Turkish tobacco, or tomato, 
but it protected against injury by strain 3 in recovered plants 
of S. parviflorus. 

The virus was retained with little evidence of depletion in 
beet leafhoppers transferred daily on seedling beet plants for 49 
days. 

Evidence indicates that the Mediterranean area is the place 
of origin of the curly top virus and that the virus probably was 
introduced into North America along with its North American 
vector, Circulifer tenellus. The relationship of curly top viruses 
in South America to this curly top virus complex remains in 
doubt. 
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Some of the more important factors that affect germination 
of seed are temperature, moisture, aeration, and alkalinity. Dis- 
solved salts, whether derived from natural sources as in saline 
soils or from fertilizers, impair the availability of water to plants 
by increasing the osmotic effect of the soil solution. The extent 
of the germination impairment by fertilizers depends on the 
solubility of the fertilizer and the concentration of the salt solu- 
tion. In the work reported herein, the germination of sugar beets 
was studied under various moisture and fertilizer treatments in 
the greenhouse. In addition, sugar beets seeds were germinated 
in a germination cabinet in iso-osmotic concentrations of am- 
monium nitrate and mannitol solutions to determine if nitrogen 
was detrimental to germination. 

Literature Review 

Numerous workers (2, 6, 11)* have reported on the effect of 
moisture, while others (1, 5, 8) have studied the effect of fer- 
tilizers, on germination. Snyder (10) found that the emergence 
of sugar beet seedlings was decreased when soil moisture levels 
were low and when fertilizer was banded with the seed. Hunter 
and Erickson (7) showed that, in order to germinate, sugar beet 
seeds had to obtain a minimum moisture content of 31.0 percent, 
and that the soil moisture tension should not exceed 3.5 atmos- 
pheres. Stout and Tolman (12) reported that ammonia released 
from nitrogenous compounds of seed ball extracts by enzymatic 
hydrolysis inhibited the germination of sugar beets. 


Procedure 
The soil used in the greenhouse experiment had _ received 
neither manure nor fertilizer during the previous 15 years. The 
field capacity and permanent wilting point ot this loam soil were 
found to be at moisture percentages of 22.4 and 8.2, respectively. 
Soils were then prepared at the following three moisture levels: 


1. Soil at one-quarter of the available moisture ('w = 11.75) 
(Pw refers to percentage moisture on an oven-dry basis.) 

2. Soil at one-half of the available moisture (Pw = 15.30) 

3. Soil at three-quarters of the available moisture (Pw = 
18.85) 


' Agronomist, Experimental Farm, Canada Department of Agriculture, Lethbridge, Alberta. 
* Numbers in parentheses refer to literature cited 
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The following five fertilizer treatments were used: 1.) Check 
—no fertilizer. 2.) 50 Ibs. per acre P.O;. 3.) 50 Ibs. per acre 
P.O; plus 25 Ibs. per acre N. 4.) 50 Ibs. per acre P.O, plus 50 
Ibs. per acre N. 5.) Mannitol at molarity equal to treatment 3. 


The sources of fertilizer were trivle superphosphate (0-46-0) 
and ammonium nitrate (33.5-0-0). Treatment five was calculated 
on the assumption that the 0-46-0 fertilizer had a molecular weight 
of 260 since it is made up primarily of mono-calcium phosphate 
(M.W. = 252.09). The fertilizer requirements were calculated 
for 22-inch spacings, although the rows in the experiment were 
only two inches apart. 


The experiment was carried out in quadruplicate in enamel 
developing trays. Each tray represented a moisture treatment 
with the five fertilizer treatments randomized within it. A two- 
inch layer of prepared soil was nlaced in each tray. The fertilizers 
were then spread uniformly in rows. and the seed was placed 
on top of the fertilizer at 34-inch centers within the rows. Ap- 
proximately one inch of soil was placed over the seed. The trays 
were then covered with plastic (2 mill volvthene) and sealed 
with adhesive tape to prevent evaporation. The temperature in 
the greenhouse was kept relatively constant at 70° F. 


Germination counts were taken as warranted during a 15-day 
period. The trays were uncovered. counts were taken, the emerged 
seedlings removed, and the travs resealed. At the end of the 


15-day period all seeds that had healthy radicles of 5 mm. or 
longer were considered germinated. 


In the germination cabinet study iso-osmotic solutions of 
ammonium nitrate and mannitol were prepared, ranging from 
2 to 10 atmospheres, at 2-atmosphere intervals. International 
Critical Tables were used to obtain freezing point depressions 
for the different molal concentrations. Osmotic pressures were 
then calculated directly, using the formula O.P — 12.06 A, where 
O.P. is osmotic pressure and A is the freezing point depression. 
By converting molal to molar concentrations from the density 
data of the International Critical Tables. and plotting concentra- 
tion versus Osmotic pressure on a graph, the preparation of solu- 
tions was greatly facilitated as direct volumetric dilution was then 
possible. 


Germination studies were carried out on washed sand in 
small sub-irrigated petri dishes as described by Rayment (9). 
Each dish had a glass tube drain fused to the bottom. Six-ounce 
dispensing bottles were used as reservoirs for the solutions. The 
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dishes and bottles were assembled with rubber stoppers as illus- 
trated in Figure 1. A glass tube leading from each bottle through 
the stopper to the outside provided for irrigation by expiration. 
Twenty-five seeds were used in each petri dish. The assembled 
dishes in four replicates, were placed in a germinating cabinet 
in which the temperature was kept constant at 20° C. The dishes 
were irrigated twice daily for seven days, at the end of which 
time the germination counts were taken. 

The variety of sugar beets used throughout the tests was de- 
corticated Kuhn. 








Figure 1.—Apparatus used for germination in sand substrate with solu- 
tions of varying osmotic pressures. The petri dish contains the sand, the 
dispensing bottle the solution, and the glass side-arm permitted sub-irriga- 
tion of the sand with the solution. Lethbridge, Alberta. 1957. 
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The statistical calculation was made on angular transforma- 
tions of the percentage data. The inverse-sine transformations 
of Fisher and Yates (4) were used. The percentage values of 0 
were arbitrarily replaced by 14n, where “n” is number of repli- 
cates. When a percentage value of 0 occurred repeatedly under 
a given treatment, that portion of the data was withdrawn from 
the statistical analysis. 

Table 1.—Mean Percentage Germination and Significant Differences' Between Treatment 
Means of Sugar Beets, at Three Soil Moisture Levels. Lethbridge, Alberta. 1957. 





Moisture 
Level (Pw) Fertilizer Treatment (Pounds per Acre) 
50 P2xO 50 P2O 
+ 246 + 
SON Mannitol 25 N 50 P2O. Check 
18.85 17 ‘1 12 81 82 
50 PLO 50 PxO 
} } 246 
SON 25 N Mannitol Check 50 PeO 
15.30 2 1! 12 76 88 
0 P2xO 50 PeO 
. 4 246 
50 N 25 N Mannitol 50 PxO Check 
11.75 0 0 4 48 78 





1 Any two means underscored by the same line are not significantly different at the 1% 


level 


Tab'e 2.—Mean Percentage Germination of Sugar Beets at Various Osmotic Pressure 
Levels and Significant Differences! Between Them, Lethbridge, Alberta. 1957. 





Osmotic Pressure Levels in Atmospheres 


10 8 6 2 4 


14 12 70 84 85 





1 Any two means underscored by the same line are not significantly different at the 1% 


level. 
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, . twe 
Results and Discussion P 
Figure 2 shows the germination under the various fertilizer 15. 
and moisture treatments in the greenhouse. Table | shows the 
mean percentages of germination for the comparable treatments, wai 
and the significant differences between them as determined by ex] 
Duncan's (3) new multiple range test. the 
Tabie 2 shows the mean percentages of germination at the Eve 
different osmotic pressures and the statistical significance between pre 
them, and corresponding information for the treament X level tre: 
interaction appears in Table 3. The average lengths of primary per 
roots of the germinated seedlings are shown in Table 4. | ous 
. _ ‘ . : : | of 
From Table 1 it can be seen that the germination of sugar if 
os , : "er 
beets was significantly higher on the check than on the other : 
ei - . ) cou 
treatments at the lowest moisture level. At the highest moisture er 
level, germination on the 50 Ibs. P.O, treatment was significantly : 
higher than on the mannitol and the two nitrogen treatments. 
However, there was no significant difference in germination be- } = =stior 
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Table 3.—Mean Percentage Germination of Sugar Beets at Various Treatments x Levels 
and Significant Differences' Between Them, Lethbridge, Alberta. 1957. 





Treatments x Levels 


ium nitrate 
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sa =) = £ £ <£ s= si <= £ 
2a a = 3s 4 ar a . & 4 a 36 = 6 
= = = C} = = ° 
=: 2 S = = 6 S Es eZ . eS = 
4 = = ce ce = 2 = Ss == ee 
= = = se & 25 £ a a + Bs = & 
- = 4 @ —- ZA “to an t- ae zn 
2 25 37 16 69 72 82 85 85 86 





1 Any two means underscored by the same line are not significantly different at the 1% 


level. 


Table 4.—Length, in Millimetres, of Primary Roots of Sugar Beet Seedling Germinated 
in Solutions of Various Osmotic Pressures, Lethbridge, Alberta. 1957. 





Osmotic Pressure in Atmospheres 


Solution 2 4 6 8 10 
\mmonium nitrate 18 18 13 7 2 
Mannitol 35 35 18 10 10 





tween the latter three treatments. Germination on the 50 Ibs. 
P.O; treatment was significantly higher than on the check at 
15.30 percent soil moisture level. 

When no fertilizer was used, the germination of sugar beets 
was relatively unaffected by the soil moisture levels used in this 
experiment. If half or more of the available soil moisture is in 
the soil, 50 pounds of P.O, could be used safely for sugar beets. 
Even with one-quarter of the available moisture in the soil, ap- 
proximately half of the seeds germinated on the phosphorus 
treatment. Since field-grown sugar beets are thinned to one plant 
per foot within the row, such a reduction is not necessarily seri- 
ous. The practice in southern Alberta of applying 100 pounds 
of 11-48-0 fertilizer with the seed at planting time is fairly sound. 
Fertilizers that are more soluble than 11-48-0, such as 16-20-0, 
could seriously retard the germination of sugar beets, especially 
if the rate of application were more than 100 pounds per acre. 

Studies in the germination cabinet showed that the germina- 
tion of sugar beets was unaffected by osmotic pressures of up to 
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4 atmospheres (Table 2). A non-significant reduction was ob- 
served at 6 atmospheres. At osmotic pressures over 6 atmospheres, 
the germination was significantly reduced. The critical tolerance 
for sugar beets of osmotic pressure, soil moisture tension, or total 
soil moisture stress would thus appear to be somewhere between 
6 and 8 atmospheres. 


Table 3 shows that at osmotic pressures of 2, 4, and 6 atmos- 
pheres there were no significant differences in the percentages 
of germination between an organic and an inorganic solution. As 
the osmotic pressure was increased, germination was lower in the 
inorganic solution until at 10 atmospheres it was significantly 
lower than in the organic solution. It would appear that. as the 
moisture becomes less available to sugar beet seeds, germination 
is retarded by either the nitrate or ammonium ions or both. 


From Table 4 it is evident that the primary roots of the ger- 
minated seedlings were longer in the mannitol solutions than 
in the ammonium nitrate solutions and that the leneth of the 
roots decreased with increasing solution concentrations. 


Summary 


Germination results of sugar beets at three soil moisture levels 
and under five fertilizer treatments, along with the results of 
germination at iso-osmotic concentrations of mannitol and am- 
monium nitrate solutions, are reported. 

When no fertilizer was used, germination was relatively un- 
affected by the soil moisture levels. With 50 Ibs. per acre P.O, 
a significant reduction in germination resulted only at the lowest 
moisture level (Pw — 11.75). 


There was no significant difference in germination between 
the 50 Ibs. P.O, plus 25 Ibs. N treatment and the mannitol treat- 
ment at any of the moisture levels. 


At all three moisture levels, germination was significantly 
lowered with either 25 pounds or 50 pounds of nitrogen when 
applied in addition to the 50 pounds of P.O). The highly soluble 
fertilizer, ammonium nitrate, should not be placed in close con- 
tact with beet seeds when soil moisture is limited. 


Germination of sugar beets was significantly lowered in solu- 
tions whose osmotic pressures exceeded 6 atmospheres. 


With increasing osmotic pressures at iso-osmotic concentra- 
tions, germination of sugar beets was lower in ammonium nitrate 
solutions than in mannitol solutions, suggesting toxicity of the 
nitrate or ammonium ions. 
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Introduction 

It has been known for a number of years that sugar beet is 
a potential host of the cucumber mosaic virus and that the virus 
may produce severe damage to infected plants. Cucumber mosaic, 
however, is not found often in sugar beet fields and when it 
occurs the incidence of infection usually is very low. On rare 
occasions, in certain locations, high percentages of infection have 
been found in individual fields. The disease destroyed some 
fields and badly damaged others in the vicinity of Firebaugh and 
Mendota in California in 1940 as reported by Severin and 
Freitag (14)* and was present in a number of fields in the same 
area in 1941. 

Strains of the cucumber mosaic virus capable of infecting 
sugar beet probably are widely distributed. Infected plants have 
been found in beet fields in most beet-producing areas in Cali- 
fornia and the disease has been reported from Oregon, Utah, and 
Kansas. Recently, Roland (12) reported a small amount of in- 
fection in one beet planting in Belgium. 

In October 1956, Arnold A. Mast of the Western Seed Pro- 
duction Corporation of Phoenix, Arizona, called attention to an 
extensive infection with cucumber mosaic virus in a field being 
grown for seeds in the Salt River Valley. This appears to be 
the first year in which this disease had been found on sugar 
beets in that area. The disease was not observed in the 1955-56 
crop. Since the fields of the 1955-56 crop were watched rather 
closely in connection with studies of virus yellows, it seems prob- 
able that if the disease was present the incidence of infection 
was very low. 

The almost complete absence of cucumber mosaic in sugar 
beets under most conditions indicates that sporadic outbreaks 
of the disease in sugar beet is associated with a combination of 
factors and conditions that do not often occur. Efforts were made, 
therefore, to obtain information regarding the factors involved 
in the spread of cucumber mosaic in the seed fields in the Salt 
River Valley in 1956 and 1957 and to obtain further information 
on the type of virus involved and the damage produced. 


! Pathologist, Crops Research Division, Agricultural Research Service, U. S. Department 
of Agriculture; Research Supervisor, Western Seed Production Corporation. Phoenix, Arizona; 
and Entomologist, Entomology Research Division, Agricultural Research Service, U. S. De- 
partment of Agriculture, respectively 
2 Numbers in parentheses refer to literature cited. 
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Occurrence of the Disease 

A survey of seed fields in the Salt River Valley in November 
1956, revealed the fact that cucumber mosaic was present in 6 
of 34 fields. Incidence of infection at this time ranged from 0.4 
to 7.3 percent. 

In the field that showed the greatest amount of infection, 
probably 20 percent of the plants on one side of the planting 
were diseased. On October 19, many of the infected plants were 
in early stages of disease development. Symptoms consisted of 
large chlorotic spots on many of the fully mature leaves and 
mottling and distortion of the younger leaves. Typical symptoms 
produced by the disease are shown in Figure 1, A, B and C. 

During the inspection of the field, it was noted that large 
numbers of winged aphids were in flight and that as many as 10 
aphids per minute were lighting on the shirts of the observers. 
It was found that these aphids were migrating from a field of 
grain sorghum adjacent to the beet field. Further inspection 
showed that the grain sorghum was heavily infested with a brown 
aphid, later determined to be the rusty plum aphid, Hysteroneura 
setariae (Thomas). Also present were relatively small numbers 
of the corn leaf aphid. Rhopalosiphum maidis (Fitch) . 


No evidence of mosaic mottling was found on plants of grain 
sorghum but a weed, identified as Physalis wrightti Gray, preval- 
ent in the sorghum field and in adjacent areas, showed distinct 
mottling. 

In a survey of seed-producing areas, there appeared to be an 
association between cucumber mosaic in beet and proximity of 
beet fields to grain sorghum plantings; at least, little or no mosaic 
was found in beet fields far removed from grain sorghum. Some 
beet fields growing close to sorghum plantings, showed very little 
infection. In general, such sorghum fields were relatively free of 
weeds. It appeared from these results that an association of 
grain sorghum and weed hosts of the virus in the immediate 
vicinity of the beet field, contributed to the production of a 
higher percentage of infection in beets. 


Experimental Tests 


Since there appeared to be a definite association between the 
occurrence of cucumber mosaic in beets and the growing of grain 
sorghum in the vicinity of beet fields, attempts were made to 
determine the plant source of the cucumber mosaic virus and 
the vector or vectors chiefly responsible for spread. 
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Figure 1.—Sugar beet leaves (A, B, and C) showing range of expression tc 
of symptoms of cucumber mosaic, and leaf of Chenopodium amaranticolor : tl 
(D) showing local lesions produced following inoculation with juice from 
diseased beet plant. All leaves about natural size, 
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Test of Plants as Virus Sources 


Plants of Physalis wrightii from the grain sorghum fields and 
from adjacent beet fields were collected and tested for presence 
of cucumber mosaic virus by making mechanical inoculation from 
these plants to sugar beet, Turkish tobacco, cucumber, and 
Chenopodium amaranticolor Coste & Reyn. Infection was readily 
obtained on all of these plants and symptoms were typical of those 
caused by cucumber mosaic virus. Large local chlorotic lesions 
were produced on inoculated leaves of sugar beet but systemic 
infection very rarely followed. Typical mottling and leaf dis- 
tortion occurred on leaves of inoculated plants of tobacco and 
cucumber. 

Inoculations of leaves of plants of C. amaranticolor was fol- 
lowed by the production of numerous local lesions, about | mm. 
in diameter, 3 days after inoculation. Lesions remained small 
and the virus apparently did not become systemic. Typical lesions 
on a leaf of C. amaranticolor are shown in Figure 1, D. These are 
similar to lesions produced by cucumber mosaic virus from other 
sources. This species appears to show promise for use as a local 
lesion test plant and may prove of value in work with cucumber 
mosaic virus. 

Plants of Physalis wrightii were grown from seeds in the green- 
house and when they were about 10 cm. tall they were inoculated 
with virus recovered from naturally infected plants of P. wrightii 
and sugar beet. The plants proved to be susceptible to infec- 
tion with virus from both sources and infection was obtained 
both by mechanical inoculation and use of the green peach aphid, 
Myzus persicae (Sulz.) Symptoms produced by virus from the 
two sources were indistinguishable. It is evident from these results 
that Physalis wrightii is a host of the cucumber mosaic virus and 
a potential reservoir of virus for infection of other plants, includ- 
ing sugar beet. 

To determine whether grain sorghum may serve as a source 
of cucumber mosaic virus, seeds were collected from a field ad- 
jacent to one of the infested beet fields and planted in a green- 
house at Salinas, California. When the seedlings were about 
four cm. tall they were inoculated by allowing large numbers of 
green peach aphids to move onto them from infected sugar beet 
plants. Of. 20 plants inoculated, none showed evidence of in- 
fection. These plants, and 20 others, were inoculated three times 
by mechanical means using juice from sugar beet and Turkish 
tobacco. No evidence of infection was obtained. Juice from 
these inoculated plants failed to produce local lesions on C. 
amaranticolor. It is assumed, therefore, that the type of grain 
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sorghum tested is extremely resistant or immune to infection 
with cucumber mosaic virus and that it was not a source of virus 
for other plants in the Salt River Valley. 


Tests of Aphids 


The aphid found to be most abundant at the time of spread 
of the cucumber mosaic virus in sugar beet was the rusty plum 
aphid shown by Ingram and Summers (8) to be a vector of 
sugarcane mosaic virus. Tests were made to determine whether 
this aphid is able to transmit the cucumber mosaic virus. 

Aphids were transferred from colonies on plants of grain 
sorghum to beet plants with cucumber mosaic and allowed to 
feed for short periods after which they were transferred to seed- 
ling sugar beet plants. The results of these tests, presented in 
Table 1, show that the rusty plum aphid is able to transmit the 
cucumber mosaic virus. The insect feeds poorly on sugar beet 
and lives only one to three days when confined to this plant; 
however, the percentage of inoculated plants infected indicates 
that it may be an efficient vector. 

Tests were made also with the corn leaf aphid, which occurred 
on grain sorghum in relatively small numbers in association with 
the rusty plum aphid. This aphid was shown to be a vector of 
cucmber mosaic virus by Dickson et al. (1) and the results shown 
in Table | indicate that it is a vector of the strain of virus iso- 
lated from sugar beet in the Salt River Valley. 

Spread of the Disease 

Several species of aphids, in addition to Hysteroneura ‘setariae 
and Rhopalosiphum maidis, are known to transmit cucumber 
mosaic virus and may at times be involved in the spread of the 
virus to sugar beet. The following species have been listed as 
vectors: 

Aphis fabae Scop., as Aphis rumicis L. (14) 

Aphis gossypii Glov. (2, 9) 

Macrosiphum pisi (Kelt.) (1) 

Macrosiphum solanifolii (Ashm.) (6) 

Myzus ascalonicus Doncaster (13) 

Myzus circumflexus (Buck.) (7) 

Myzus persicae (Sulz.) (5) 

Myzus solani (Kltb.) , as Myzus pseudosolani Theob. (7) 

Rhopalosiphum maidis (Fitch) , as Aphis maidis Fitch (1) 


All of these species occur in western United States and may 
feed to some extent on sugar beet. Myzus persicae and Aphis 
fabae breed on sugar beet and are the two species most commonly 
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Table 1.—Transmission of Cucumber Mosaic Virus to Sugar Beet by Means of Aphids. 





Species of Aphid Tested' Plants Inoculated Plants Infected 
Number Number Percent 
iphis fabae 40 2 5.0 
Hysteroneura setariae 20 14 70.0 
Myzus persicae 48 9 18.7 
Rhopalosiphum maidis 20 3 15.0 





1 Ten aphids or more were transferred from infected sugar beet plants to healthy sugar 
beet seedlings after short feeding periods on the diseased plants. 


found on this plant. Both of these insects were tested to a limited 
extent in the transmission of the cucumber mosaic virus from 
Arizona. Each proved to be a vector, as shown in Table I, but 
neither species was very effective in the transmission of the virus 
from beet to beet under the conditions of the tests. 

Severin and Freitag (14) state that the bean aphid, Aphis 
fabae, rarely transmits cucumber mosaic virus. They attribute 
the 1940 outbreak of cucumber mosaic in the Firebaugh and 
Mendota area of California to large populations of green peach 
aphids, Myzus persicae, that developed on the neighboring foot- 
hills and plains and moved into the beet fields. Probably any 
vector that occurs in enormous number is potentially capable 
of transmitting considerable virus to beets where adequate virus 
sources are available. The vector, therefore, chiefly responsible 
for spread of cucumber mosaic virus to sugar beet may vary de- 
pending on conditions. 

Most of the fall infection in the beet fields in Arizona in 
1956 apparently took place over a relatively short period, prob- 
ably from the middle of September through October, and 
probably resulted chiefly from the movement of the rusty plum 
aphid. 

All seed fields in the Salt River Valley were inspected at 
regular intervals from November 1956 to June 1957, inclusive, 
and counts were made to determine the percentage of plants 
infected with cucumber mosaic and yellows. Before harvest time, 
cucumber mosaic was found in 14 of 34 fields. Average percent- 
ages of plants showing infection with cucumber mosaic and yellows 
on the dates indicated are shown in Figure 2. These results show 
that there was little increase in percentage of plants showing 
infection from November 1956 to June 1957, whereas there was 
a very rapid increase in yellows through April and May of 1957. 
The last counts June 1-15, 1957, showed 8.9 percent infection 
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Figure 2.—Graph showing relative spread of cucumber mosaic and 
yellows in 14 seed fields of sugar beet in the Salt River Valley of Arizona 
in 1956-57. 


with cucumber mosaic and 77.2 percent infection with yellows. 
rhe low counts of plants with cucumber mosaic in February 
are probably due to partial masking of symptoms and possibly 
to death of some of the affected plants. 

The green peach aphid was the only aphid found in appre- 
ciable numbers in these fields in 1957, and it seems probable that 
virus spread that occurred during this time was the result of 
transmission by this insect. Therefore, since cucumber mosaic 
virus and yellows virus were spread by the same insect, evidence 
indicates that the ability of the green peach aphid to spread 
cucumber mosaic virus from beet to beet is far below its ability 
to spread yellows virus. 


Tests of Seeds for Virus Transmission 

Doolittle and Gilbert (3, 4) presented evidence that cucum- 
ber mosaic virus is transmitted occasionally through seeds of 
cucumber and through a low percentage of seeds of wild cucum- 
ber, Echinocystis lobata (Michx.) T. & G. Kendrick (11) showed 
that a form of the virus is transmissible through seeds of musk- 
melon. Tests were made, therefore, to determine whether the 
cucumber mosaic virus is transmissible through sugar beet seeds. 

Seeds from mosaic infected field plants were harvested and 
planted in flats ia the greenhouse and seedlings were observed 
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for the appearance of symptoms of mosaic. Five thousand one 
hundred and thirty-three seed balls were planted, from which 
7634 seedlings were obtained. The seedlings were examined 
carefully when in about the 4-leaf stage and 51 seedlings that 
appeared to be slightly abnormal were transplanted and observed 
for an additional period of 2 months. All of the seedlings re- 
mained free of symptoms of cucumber mosaic. It seems unlikely, 
therefore, that cucumber mosaic virus is transmissible through 
beet seed. 


Damage Produced by Cucumber Mosaic 


There is a considerable range of susceptibility to injury by 
cucumber mosaic within varieties of sugar beet. A _ selection 
(SL. 54484+0) obtained from F. W. Owen and tested for sus- 
ceptibility in the greenhouse in 1957, appears to have a high 
degree of resistance to systemic infection. Plants in about the 
12-leaf stage were inoculated with cucumber mosaic virus by 
mechanical methods. Numerous chlorotic lesions appeared on 
the inoculated leaves. When the lesions were about four mm. 
in diameter large numbers of green peach aphids were placed 
on the plants and allowed to remain seven days after which they 
were destroyed by fumigation. Of 120 plants inoculated in this 
manner and held for seed production, none showed symptoms 
of systemic infection. 

In the fields near Firebaugh and Mendota in California, in 
1940, there was a wide range of severity on different plants ap- 
parently infected at about the same time. Some plants had leaves 
that were severely mottled and deformed and the plants were 
markedly dwarfed, whereas other plants had leaves that were 
mottled but not deformed and the plants showed very little 
dwarfing. 

In fields in the Salt River Valley in 1956 there was a similar 
range of effects. Some plants were much more severely dwarfed 
than others. 

In May 1957, plants in one field that showed a low percentage 
of cucumber mosaic and also a low percentage of infection with 
yellows and very little curly top, were selected, and diseased and 
healthy plants were staked. An attempt was made to pair dis- 
eased and healthy plants of about the same size and stage of 
development. Fifty pairs of plants were selected. The plants 
were harvested and the yield and germination of seeds of each 
plant were determined. Yields were combined at random so 
that there were five replicates each representing 8 to 10 plants, 
The results of this test are shown in Table 2. 
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Table 2.—Effect of Cucumber Mosaic on Production of Seeds by Beet Plants Selected in 





the Field. 
Average Weight of Seeds per Plant Average Weight Average 
of 100 Germination of 

Type of Plant' Large Small Total Large Seeds Large Seeds 

Grams Grams Grams Grams Percent 
Diseased 7.8 2.1 9.9 1.524 87.9 
Mosaic-free 17.2 2.5 19.7 1.859 82.1 
L.S.D. at 5% 2.79 2.79 1.76 213 10.0 
L.S.D. at 1% 3.91 3.91 2.47 .353 16.5 





1 Eight to 10 plants were included in each of 5 


plants. 


The disease 


in seed yield. 


replications of diseased 


and mosaic-free 


caused an average reduction of 49.8 percent 
The seeds from diseased plants were smaller 


than those from healthy plants but germination appeared not 


to be reduced. 


These results show conclusively that cucumber 


mosaic is capable of producing severe reductions in seed yield 


of infected plants. 


Since the plants selected in this test were 


among those least damaged by the disease it is evident that heavy 
losses could be produced if the disease spread to a high per- 


centage of plants. 


Valley, however, 


The damage to the 1957 crop in the Salt River 
was low due to low incidence of infection and 


to the fact that stands of plants in the rows were higher than 
required for maximum yield and diseased plants, in many cases, 
were overshadowed by adjacent healthy plants. 


The characteristics of the disease on sugar beet 


the Salt River Valley and on plants to which 


Discussion and Conclusions 


the 


in fields in 
causal virus 


was transmitted in the greenhouse, are those commonly associated 
means 


with so-called western 
certain, however, 


BS 


quired for spread of yellows or beet mosaic. 
has been observed only where enormous populations of vectors 
moved into beet fields from adjoining areas where plants with 
cucumber mosaic were present to serve as virus sources. 
known regarding the relative effectiveness of different vectors. 
Apparently the green peach aphid is capable of producing wide- 





cucumber 


mosaic. It is by 
that a single strain of cucumber mosaic 
was involved. Very little is known with respect to the suscepti- 
bility of sugar beet to different strains of this virus. 

The relatively rare occurrence of cucumber mosaic in sugar 
beet fields suggests that more factors are involved than are re- 
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spread infection under favorable conditions (14). The rusty 
plum aphid appeared to be the most important vector involved 
in spread of the disease to beet in Arizona in 1956. Probably 
other species, if enormous populations were produced, would 
be effective in spreading the disease if virus sources were readily 
available. The usual populations of aphids found in and around 
beet fields, however, appear unable to produce appreciable in- 
fection in beets. 

It seems probable from results of observations made in Ariz- 
ona and in fields in California, that extensive spread of cucum- 
ber mosaic virus from beet to beet is unlikely to occur after the 
virus has been introduced into the beet field from outside sources. 
The reasons for this appear to be associated largely with the 
relationships of the virus to the beet plant, coupled with the 
fact that the virus is nonpersistent in its vectors. 


Mechanical inoculation of sugar beet plants with juice from 
infected plants frequently results in large numbers of local 
chlorotic lesions on inoculated leaves but these lesions usually 
do not result in systemic infection. It is evident. therefore, that 
cucumber mosaic virus is able to invade parenchyma tissue ex- 
tensively without entering the phloem through which it could 
pass to the growing point and produce systemic infection. Since 
the virus is nonpersistent in the vector and is soon lost by feed- 
ing, it seems probable that most of the virus carried by vectors 
is deposited in cells through which the stylets pass before reach- 
ing the vascular elements. Aphid feeding, therefore, would 
usually result only in localized infection. Under such conditions 
the efficiency of the vector in the production of systemic infection 
might be very low. This low efficiency probably accounts for the 
fact that cucumber mosaic in sugar beets has been associated 
invariably with enormous populations of aphids. 


It seems probable that a high percentage of the infection with 
cucumber mosaic virus in sugar beets comes from sources outside 
the beet field. Keener (10) has suggested that sugar beets in 
turn may serve as sources of infection for other crops. This may 
be true under rare conditions, but in view of the evidence of 
lack of appreciable spread of the virus in sugar beets and the 
relatively rare occurrence of the disease in this crop, it would 
seem that the probability that cucumber mosaic virus, harbored 
by sugar beets, would often be a danger to other crops, is rather 
remote. 

Where measures are needed for control of cucumber mosaic 
in sugar beet, use of cultural practices that tend to prevent the 
movement of large populations of vectors into beet fields from 
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outside virus sources, would seem to offer greatest promise. The 
type of outbreak that occurred in the 1956-57 crop in the Salt 
River Valley probably could be prevented either by planting 
sugar beet fields at a distance from grain sorghum or by keeping 
the grain sorghum fields free of weeds that harbor the cucumber 
mosaic virus. 


Summary 


Cucumber mosaic was found in 14 of 34 seed fields of sugar 
beet in the Salt River Valley of Arizona in the fall of 1956 and 
the spring of 1957. Infection in November ranged from a trace 
to 7.3 percent. 


Infection apveared to be associated with the production of 
enormous numbers of winged individuals of the rusty plum 
aphid, Hysteroneura setariae, produced on grain sorghum. The 
aphids acquired cucumber mosaic virus from infected weeds. 
principally Physalis wrightii. growing in and around fields of 
erain sorchum. Spread of the virus in beets in the spring of 
1957 was low despite the fact that large numbers of green peach 
aphids were present in some of the fields. Spread of vellows was 
rapid in all fields during April and Mav. Differential spread of 
the two viruses under similar conditions by the same vector prob- 
ably is due to differences in the relationships of the two viruses 
to the vector and to the host. No evidence was obtained that 
the cucumber mosaic virus is seed-transmitted. 


Damage to individual plants was severe. Reduction in yield 
of seeds of affected plants selected at blossoming time averaged 
49.8 percent. Seeds were reduced in weight but germination 
was not affected. Total reduction in seed yield, however, even 
in fields most severely affected, probably was small due in part 
to the fact that the system of seed production used in the area 
provides many more plants than are required for maximum seed 
production. 


Since there appears to be relatively little spread of virus from 
beet to beet after it is introduced into the field, cucumber mosaic 
probably could be controlled by adopting measures to avoid 
movement of large populations of winged vectors into beet fields 
from infected weed and crop plants. 
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Population Density Gradients of the Sugar Beet 
Nematode, Heterodera Schachtii 
Fietps E. CAVENEss' 


Received for publication February 13, 1958 


Introduction 

An infestation of Heterodera schachtii Schmidt, 1871, usually 
appears first as a spot of depressed growth in a field of sugar beets. 
The infestation presumably arises from an inoculation source 
near the center. Sugar beets are most retarded in growth at the 
central region allowing the conclusion that the area has a higher 
nematode population density. To study this presumption, popu- 
lation densities were examined from four locations in sugar beet 
fields. 

Procedure 

The Beet Sugar Development Foundation conducted a study 
of the incidence of nematodes in sugar beet production.*? Samples 
of sugar beets and soil were collected in California, Colorado. 
and Michigan, representing the far western, central, and general 
eastern limits of the sugar beet growing regions, respectively. 

Four samples were taken from each field. Sample A was taken 
from the apparent center of the infested area. Sample B was 
taken midway between the point of Sample A and the apparent 
edge of the infested area. Sample C was collected at a point be- 
lieved to be the edge of the infested area. The collection of 
Sample D was from a presumably unaffected area of the field. 
A detailed description of procedures has been published pre- 
viously (1) .* 

Results 

Of the 273 sugar beet fields sampled, 205 or 75.09 percent 
were infested to some degree by H. schachtii. In California a 
total of 512 individual soil and sugar beet samples were collected 
and examined from 140 fields. H. schachtii was found in 326 
of the samples and 88 of the fields giving 63.67 percent and 62.85 
percent respectively. 

The population density estimate classification of 101 to 500 
nematodes per quart of so‘l had the greatest frequency of occur- 
rence. Of the 326 samples, 55 samples or 16.87 percent had 100 
or less H. schachtii larvae per sample. The remaining 271 samples 
had estimates of 101 or more H. schachtii larvae per sample. 

1 Formerly Nematologist, Beet Sugar Development Foundation, Fort Collins, Colorado, 
now Associate Nematologist, Department of Plant Pathology, South Dakota State College, 
Brookings, South Dakota. 

2 The assistance and cooperation of the officials of Agricultural Research Service of the 


United States Department of Agriculture and the officials and personnel of the beet sugar 
industry which helped make this study possible is gratefully acknowledged. 


* Numbers in parentheses refer to literature cited. 
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Population density estimates of H. schachtii cysts on beet 
oots were consistent in frequency. Where the soil population 
‘stimates were grouped about the higher densities, the frequency 
if the root population estimates were generally the same at all 
lensities. Root population estimate frequencies were: very rare 

57, rare—49, infrequent—51, abundant—38, and very abund- 
nt—65. 

In Colorado, 105 sugar beet fields were sampled. H. schachtii 
vas found in 99 or 92.52 percent of these fields. Of the 425 in- 
lividual samples of soil and beets, 369 or 86.82 percent were 
infested with H. schachtiti. 


H. schachtii occurred in 86 samples, or 20.59 percent. at den- 
sities of 100 nematodes per quart of soil or less. The other 283 
samples had nematode populations estimated at 101 nematodes 
ner sample or higher. 

The very abundant and abundant root population estimates 
of H. schachtii were the most frequent, occurring in 200 or 58.65 
percent of the samples. Root population estimate frequencies 
were: very rare—39, rare—53, infrequent—49, abundant—52, 
and very abundant—148. 

In the state of Michigan H. schachtii occurred in 18 of the 
°6 fields and 61 of the 104 samples giving percentages of 69.23 
ind 58.65 respectively. 

Population densities of 100 nematodes per quart of soil or 
less were found in 10 samples, or 16.95 percent of the H. schachtii 
populations. The remaining samples were estimated to have soil 
population densities of 101 nematodes per quart of soil or more. 
\ population density estimate of 1.001-10.000 was assigned to 
30. or 50.8 percent of the soil samples. 


H. schachtii population density estimates on sugar beet roots 
were most frequent in the higher numbers. Of the 57 suear beet 
roots found infested, 27 or 47.37 percent were placed in the 
very abundant class. Frequencies of root population estimates 
were: rare to very rare—1l2, infrequent—7, abundant—6, and 
very abundant—27. 

The three state total of 126, or 17.40 percent of the samples, 
had H. schachtii soil population densities less than 100 individuals 
or less per quart of soil. The remaining 598 soil samples, or 
82.60 percent, had nematode soil population densities of 101 or 
above. In all three states soil population density estimates ranged 
from 1 to 10,000 or more larvae per quart of soil. 

H. schachtii females were found on 658 sugar beet roots of 
which 336, or 51.06 percent were placed in the abundant and 
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very abundant categories. H. schachtii infestations on a scale 
of the above magnitude must be considered serious economic 
and field factors. 
Discussion 

Soil and root population densities of H. schachtii at the lower 
estimates showed smaller frequencies and populations at sample 
site A, the apparent center of infestation, and larger frequencies 
and populations at sample site D, the apparently unaffected area 
of the field (Figure 1 shaded and Figure 2 striped). At the 
middle range of the population density estimates, the popula- 
tion densities of soil and root samples were approximately equal 
at all four field sample sites (Figure | striped and Figure 2 
shaded). The population density gradient is reversed at greater 
population densities. Sample site A had the greatest soil and 
root population densities with decreasing population densities 
as each sample site becomes more distant from the apparent 
center of infestation (Figure | clear and Figure 2 clear). Sample 
site D, the apparently noninfested parts of the field shows a high 
incidence for the presence of H. schachtii, being present in 167 
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Frequency of Heterodera Schachtii Boil Populations 
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Figure 1—The frequency of Heterodera schachtii soil populations at 
field sample sites. Shaded—frequency of midseason H. schachtii soil popu- 
lations at densities of 1 to 100 larvae per quart of soil. Striped—frequency 
of midseason H. schachtii soil populations at densities of 101 to 500 larvae 
per quart of soil. Clear—frequency of midseason H. schachtii soil popula- 
tions at densities of 501 to 10,000 or more larvae per quart of soil. 
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f 189 soil and 127 of 186 root samples. This illustrates the ex- 
tent of the infestation in the fringe area beyond the area of 
isual top symptoms. 

Averages of the estimates of the total soil population densi- 
ilies at each sample site show a population density gradient with 
{ maximum at sample site A to a minimum at sample site D. 
\ssuming that the nonplant-parasitic soil population density 
f nematodes in a cultivated field is uniform, within allowable 
variations, this gradient is seen to be dominated by the presence 
of plant-parasitic nematode populations. The soil biotic buffer- 
ing system where organisms are able to live together without 
1 plague of a certain kind is seen to be shifted to where H. 
wchachtii can develop high population densities. An explanation 
of this is probably found in the duration of the food supply, 
their fecundity, and habit of cyst formation. The long period 
in which an optimum food source is available is probably most 
important. Free-living nematodes, of which many have a higher 
























































Frequency of Heterodera Schacthtii Root Population 





Figure 2.—The frequency of Heterodera schachtii root populations at 
field sample sites. Striped—frequency of midseason H. schachtii cyst popu- 
lation density estimates of very rare and rare. Shaded—frequency of mid- 
season H. schachtii cyst population density estimates of infrequent. Clear— 
frequency of midseason H. schachtii cyst population density estimates of 
abundant and very abundant. 
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reproductive potential than H. schachtii, build up high popula- 
tion levels when a food source is made available, such as a green 
manure crop and turning under crop residue. This food supply 
is quickly expended and the high population densities of free- 
living nematodes are reduced. Thus the continued or frequent 
cropping of susceptible plants shifts the buffering affect until 
the system itself eliminates the susceptible crop because of un- 
economical yields due to high population levels of H. schachtit. 


Summary and Conclusions 


At low population densities the H. schachtii population 
density gradient increased as sample sites moved from the ap- 
parent center of infestation to the presumably unaffected areas 
of a sugar beet field. The H. schachtii population density gradi- 
ent decreased as sample sites moved from the apparent center of 
infestation to the presumably unaffected area of a sugar beet 
field at high population densities. Variations of the total soil 
population densities appear to be dominated by the presence of 
plant-parasitic nematode populations. 


Literature Cited 
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Sugar Beet Germination Selection Results in Osmotic 
Pressure Solutions |. Germination Methodology 
and Osmotic Selection Effects on Germi- 
nation of Four Varieties 
C. W. DoxTaror AND R. E. FINKNER' 

Received for publication February 17, 1958 

A considerable amount of work has been done in Europe on 
the selection of germinating seed in high osmotic pressure solu- 
tions with reports of some remarkable changes in the material 
selected. Fryxell (2)* has reported that the European investi- 
gators had increased yields of wheat, buckwheat, barley, beans, 
tomatoes, timothy, and other crops. Increased resistance to cold, 
drought, and disease was obtained. In this work sugar and salt 
were used as osmotic pressure solutions. Investigations have been 
made in this country by Coe (1) on sugar beets, by Rodger (5) 
on alfalfa, by Helmerick and Pfeifer (4) and by Powell and 
Pfeifer (6) on winter wheat. Rodger found that winter hardy 
alfalfa varieties germinated slower in sugar and salt solutions 
than non hardy varieties. Helmerick and Pfeifer used mannitol 
and found varietal differences in germination and early growth 
of winter wheat. Powell and Pfeifer also used mannitol, and im- 
proved drought hardiness in Cheyenne winter wheat. 

If this type of selection is effective on sugar beets, it would 
allow for early testing of large quantities of material in the lab- 
oratory, and would not interfere with the usual selection pro- 
cedures used on growing plants. Accordingly, a project was set 
up at Rocky Ford, Colorado, in 1955 to determine the effect of 
osmotic pressure selection on the characteristics of the sugar beet. 

Germination Methodology and Results 

Preliminary work was conducted with sugar (sucrose) and 
salt (NaCl) separately and in combination in some 20 different 
concentrations. Petri dishes were first used but due to lack ol 
humidity control were found to be unsatisfactory. To correct 
this difficulty, aliminum pans 1514 inches x 1014 inches x | inch 
were obtained in which three germination blotters were placed, 
to accommodate 200 or more seeds. Since the amount of liquid 
for germination is very important the procedure developed was 
to pour 235 ml. of liquid into each pan and allow the blotters 
to become thoroughly soaked. Following this, the blotters were 
turned over and pressed flat to eliminate any entrained air. Pans 
were then tilted slightly for five minutes to allow excess liquid 
' Plant Breeder and Research Station Manager, respectively, American Crystal Sugar Com- 


pany, Rocky Ford, Colorado. 
2 Numbers in parentheses refer to literature cited. 
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to go to the end of the pan after which this excess was drained 
off. Seed lots were soaked in the germinating liquids for four 
hours and then spread uniformly on the blotters. Several rubber 
bands were placed around each pan, and the pan enclosed in a 
light polyethlene bag of suitable size. The enclosed pans were 
then placed in a standard germinator at a temperature of 72° F. 

The seed used in these experiments was multigerm in type. 
In preliminary experiments whole seed sized 9- 14 64 inch was 
used, but size of seed was found to be a factor in osmotic germina- 
tion work. Processed seed sized 7-9/64 inch was used in all ex- 
periments reported in this paper. 

The results of experiments with various concentrations of 
sugar, salt, and sugar and salt in combination indicated that 
three-fourths percent sugar and three-fourths percent salt in com- 
bination depressed germination enough so that true early sprout- 
ers and true late sprouters could be selected. Germination results 
in this osmotic solution as compared to tap and distilled water 
are given in Table 1. 

Table |.—Comparison of Germination Ability of American No. 3 N Processed 7-9/64 
Inch in One and One-half Percent Sugar-Salt and Water. 





—T Germination Percent by Hours 
No. Seeds 


Germination Liquid in Test 48 96 168 240 
Distilled Water 2000 40.3 81.9 88.0 88.1 
Tap Water 2000 39.1 76.9 88.1 88.2 
14% Sugar-Salt 2000 3.5 68.8 78.9 : 80.2 





Table 2.—Germination Results Obtained in One and One-half Percent Sugar-Salt Com- 
pared with Distilled Water for Three Sizes of Seed of American No. 3N. (Seven of 19 Counts 
Given). 





No. Seed Germination Percent by Hours 
Seed No. Seed Balls 
Treatment Size Tested Per Lb. 24 36 48 60 120 180 240 
Water 7-8/64” 800 $9,500 12.8 30.2 60.6 67.6 77.2 77.6 77.6 
Sugar-Salt 800 5.6 10.0 24.6 $3.2 67.0 71.4 72.8 
Difference 7.2 20.2 36.0 34.4 10.2 6.2 4.8 
Water 8-9/64” 800 40,100 11.2 35.8 67.8 79.8 86.0 86.8 86.8 
Sugar-Salt 800 4.4 13.2 32.6 44.8 78.4 83.4 83.8 
Difference 6.8 22.6 35.2 34.6 7.6 3.4 3.0 
Water 9-10/64” 800 34,600 6.4 24.6 61.6 73.0 82.8 83.6 83.6 
Sugar-Salt 800 2.4 12.4 13.0 57.2 79.4 82.8 83.4 


Difference 
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Germination tests of processed seed sized 7-8/64 inch, 8-9/64 
inch and 9-10/64 inch were made using one and one-half percent 
sugar-salt compared with distilled water to determine the effect 
of size on germination percent (Table 2). 

From these data it is evident that the larger processed seed 
was less affected by the osmotic solution than the smaller. Dif- 
ferences with 9-10/64 inch seed between sugar-salt and water, 
were consistently less than the two smaller sizes at every count. 
Therefore seed of 7-9/64 inch was used for test work. 

Although the sugar-salt osmotic solution was found to depress 
germination to a satisfactory degree it was often difficult to obtain 
many sprouting seeds after 192 hours (late sprouts). The cause 
of this was assumed to be the toxic effect of the “C1” ion in salt. 
Since other investigators (4) (6) had used mannitol with satis- 
factory results, and since a supply of inositol was available, an 
experiment was set up to determine the effect of different con- 
centrations of this compound on germination. Seven and one- 
half percent inositol (approximately 10 atmospheres) appeared 
to be the most satisfactory (Table 3). 


Table 3.—Comparison of Germination in Distilled Water, Sugar-Salt, and Inositol of 
American No. 3N Processed 7-9/64 inch. 





Germination Percent by Hours 


No. Seeds 
Treatment Tested 40 88 136 184 240 
Distilled Water 600 32.0 80.0 85.0 86.0 86.5 
1¥o%, Sugar-Salt 600 10.5 53.5 73.0 76.5 77.0 
742% Inositol 600 3.0 22.5 37.5 48.0 64.5 





This concentration of inositol caused slow but continued 
germination for a 240 hour period, and therefore inositol at 
seven and one-half percent concentration was used for all later 
tests and selection work. 


Variety Selection 
Materials and Methods 
Four American Crystal Sugar Company commercial varieties 
—No. 2, No. 3N, No. 3 LSR and No. 3S—were chosen for osmotic 
selection work. These were multigerm varieties, processed and 
graded to 7-9/64 inch size. Each lot had a potential germina- 
tion of 85 to 90 percent. Using the technique previously described 
a 4 percent selection for early sprouts (24-48 hrs.) and a 4 per- 
cent selection for late sprouts (192-240 hours) was made from 
the 4 varieties and planted in 4-inch pots in the greenhouse in 
the 1955 fall season. Plants were allowed to grow for at least 2 
months, after which they were placed in photo thermal induc- 
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tion (3). The first selections were later transferred to the green- 
house for winter seed production so that field tests could be made 
in the 1956 summer season. The later selections were trans- 
planted in the field in 8 space isolation groups for 1956 summer 
seed production and reselection. 

In selection, a seed was considered as sprouting when the 
radicle (or plumule) showed white at the edge of the seed cap. 
The early selections were labelled “A” and the late selections 
“B”, in each variety. These selections were from one and one- 
half percent sugar-salt. The reselections for early sprouts in the 
sprouting selections, and for late sprouts in the late sprouting 
selections were labelled “AA” and “BB” respectively and were 
made form seven and one-half percent inositol solution. 

Control of pollination in the first selections which were grown 
in the 1956 greenhouse was accomplished by means of white 
craft bags. Plants within selections were either bagged together 
or bags were switched between plants. Bags containing sizeable 
quantities of seed were bulked by selection for field test. The 
seed lots produced in the 1956 summer season were from space 
isolation groups. These lots were reselected for early and late 
sprouts in inositol in September 1956. Plants were photo ther- 
mally induced and planted in small areas in the greenhouse in 
1957, and surrounded by polyethlene plastic cages (Figure 1) 
for seed production. Adequate quantities of reselected seed (AA 
and BB) were obtained. One unselected parent, American No. 
3 N was also increased by this method. 





Figure 1.—Plastic “cages” used in the greenhouse for isolation of 
second selections of the early and late sprouting groups. 
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Both seven and one-half percent inositol and distilled water 
were used to test these progenies for germination. Two hundred 
seeds of each progeny were used for each pan for each of the 
germination liquids. Three germination “runs” (or replications) 
were made with all seed lots. Counts of germinating seeds were 
made at 12-hour periods starting at 24 hours and continuing 
to 240 hours. 





















Experimental Results 


Prey nae 


The results of the germination tests as an average of the 
four varieties for each selection, in the two germination liquids 
’ is given in Figure 2. Total germination for the early sprouting 
selections (AA) were higher at all 12-hour periods than the late 
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3 sprouting selections (BB), not only in inositol but also in dis- 
tilled water. At the end of 240 hours, differences in favor of the 
early sprouting selections in inositol and water were 26.7 per- 
cent, and 10.8 percent respectively. 
— 4 4 4 “ + 4 
q AA DISTILLED WATER 
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| Figure 2.—Average germination percent of two osmotic selections from 
¥ four varieties in distilled water, and in 7.5% Inositol. 
: 
. Since each selection of each variety had been tested in the 
two germinating liquids in three germinator “runs,” it was pos- 
i sible to set up a statistical analysis of the germination data 


obtained. In Table 4 is given F values for 7 of the 19 12-hour 
germination periods for distilled water and inositol. 

The greatest differences found in these statistical analyses 
were between selections, with highly significant differences being 
found in all counts except the 36-hour period in inositol. Vari- 
eties were not significantly different after 48 hours in water 
but were highly significant after 48 hours in inositol. The variety- 
selection interaction was highly significant for all periods after 









242 JOURNAL OF THE A. S. S. B. T. 


Table 4.—F Values for Germination Percent in Distilled Water and Seven and One-half 
Percent Inositol, of Early and Late Sprouting Selections in 4 Varieties of Sugar Beets. 





F Values for Hours of Germination 
Variation Significant 
Due to D/F 36 48 72 96 144 192 240 F Value, 1% 


Distilled Water 


Replications 2 3.6 11.9 1.3 x Al 0 0 

Varieties 3 12.7 10.1 J 5 5 4 1.4 5.6 
Selections I 18.9 111.8 34.8 $1.2 51.6 40.8 39.8 8.9 
Var. x Sel. 3 5.2 15.6 8.7 8.6 16.1 10.1 12.2 5.6 
Error 14 

Potal 23 

742% Inositol 

Replications 2 0 ol 3 9 Jl oll 0 

Varieties 3 3 2.7 6.0 36.9 38.3 55.0 83.4 5.6 
Selections l 2 23.3 51.2 221.1 285.7 415.2 683.3 8.9 
Var. x. Sel 3 l A 3.8 8.2 10.2 18.4 35.5 5.6 
Error 14 

Total 23 





36 hours in water and after 72 hours in inositol. Variation due 
to replication (germination runs) was low, especially in the 
periods from 96 hours to 240 hours. These results indicate that 
selection made for early and late sprouting under osmotic con- 
ditions had been effective in changing the germination char- 
acter, and that certain varieties reacted to selection somewhat 
differently than others. 

Since one unselected parent variety, American No. 3 N had 
been increased by photo thermal induction in the greenhouse 
at the same time as the AA and BB selections of this variety, it 
was possible to compare this variety with its selected progenies 
in germination test. Two hundred seeds were used for germina- 
tion of each of the three lots in seven and one-half percent inositol 
and distilled water, the test being made three times in the ger- 
minator. The data obtained from counts made every 12 hours 
is given in Figure 3. 

These results show that the parent variety was intermediate 
in germination percent between the early and late sprouting 
selections at every 12-hour count. Levels of significance at the 
5 percent point show that all six curves were significantly different 
after 84 hours of germination. Greater differences were observed 
between the three seed lots in inositol germination than in dis- 
tilled water at the end of the germination period. 

As previously mentioned, the statistical analysis of the data 
obtained from the tests indicated a significant variety-selection 
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Figure 3.—Germination curves of early and late sprouting osmotic pres- 
sure selections (AA and BB) compared with the parent, from tests in distilled 
water and 7.5% Inositol (Variety—American No. 3 N). 


interaction. The variety contributing most to this interaction 
was American No. 3 S$; which had a distilled water germination 
of 85.0 and 84.3 percent for the AA and BB selections, respec- 
tively. In inositol, these selections germinated 46.3 and 20.3 
respectively. In an effort to determine the cause of the low 
inositol germination of the BB selection, all seeds of both selec- 
tions which had not germinated in 10 days in inositol were 
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Figure 4.—Germination curves of early and late sprouting osmotic pres- 
sure selections (AA and BB) in 7.5% Inositol for 240 hours, followed by 
distilled water germination for 264 hours (Variety—American No. 3 §). 
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washed thoroughly, and germinated in distilled water for I] 
days. The results of this germination in inositol and followed 
by water are given in Figure 4. 

The germination difference between these two selections was 
less than two percent at the end of the distilled water period, 
which is not a statistically significant difference. The AA selec- 
tion however, was definitely superior in the osmotic pressure 
solution. Since soil moisture is an osmotic solution to some 
degree, it is apparent that the AA selection would be much more 
desirable than the BB selection as a commercial variety. 


Discussion and Conclusions 

In osmotic pressure study, accurate control of germination 
conditions is essential. Too little or too much liquid affects ger- 
mination speed much more in osmotic solutions than in water. 
Sizeable germination differences have been obtained between 
100 seed lots at each end of the same pan due to a slight tilt of 
the pan in the germinator. This is an example of how important 
the environmental factors are. Although it was not possible to 
make counts in a humidity controlled room, this is another factor 
which is important. A check of 200 multigerm beet seeds in 
germination at one time usually requires at least five minutes, 
during which time moisture loss occurs from the germination 
bed. Nevertheless with the technique developed, it was possible 
to select the early and the late sprouts with reasonable accuracy. 


Another important factor is the environment in which ‘the 
seed lots were grown. It is well known that soil fertility, climate, 
temperature, insect pests, etc. can affect both the yield and quality 
of a beet seed production. To minimize this difficulty, seed of 
the nine lots for test were produced in the greenhouse under 
relatively uniform climatic conditions. Photo thermal induction 
on all nine lots was good. Stands were uniform and growth was 
satisfactory. Flowering was uniform as well as maturity. Insects 
were not a problem. Further, there was almost a complete ab- 
sence of mold in the germination tests of these seed lots. There- 
fore it is believed that environmental factors did not cause 
variations in seed quality and in this case, the true expression 
of the osmotic selection effect should be obtained. 

The results obtained for all four varieties show that those 
selected for early sprouting were all earlier than the late when 
tested in osmotic solution. There is a possibility that the osmotic 
selection also affected the germination ability in water since 
three of the four early sprouting selections were better than the 
late in distilled water. 
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If selection were to be continued on the AA types it appears 
that a higher concentration of inositol would need to be used 
‘o obtain further rapid improvement. Continued selection for 
late sprouting (BB) selection in seven and one-half percent 
inositol would certainly be more difficult because of the inherent 
lack of ability of these selections to absorb moisture from osmotic 
solutions. 


Summary 


By the use of large aluminum pans, three blotters per pan, 
polyethlene covers for the pans and a germination cabinet with 
temperature control, a satisfactory methodology was developed 
for germination studies of beet seed in osmotic pressure solutions. 

Seven and one-half percent inositol (approximately 10 atmos- 
pheres pressure) was found to be a better germination depressant 
than one and one-half percent sugar-salt because of less toxicity. 

Selections were made for early sprouting and late sprouting 
in four commercial varieties. These were reselected, and these 
selections were grown for seed under uniform conditions in the 
greenhouse. Isolation was obtained by means of plastic cages. 

Early sprouting selections of all four varieties germinated 
significantly higher than the late when tested in inositol. In dis- 
tilled water three of the early selections were significantly better. 
The early and late selections of the fourth variety were equal. 

One parent variety (American No. 3 N) was compared against 
its early and late selections in inositol and in distilled water and 
was found to be intermediate in germination percent for both 
germination liquids during the 10-day germination period. 

Selections of one variety (American No. 3 S) germinated 
equally well in distilled water (85.0 and 84.3 percent) but in 
inositol the early selection germinated 46.3 percent and the late 
20.3 percent. The non-sprouting seeds of both selections of the 
inositol test were washed and retested in water. Germination 
of the two was within two percent of each other at the end of 
the water germination period which is evidence that these two 
selections were different only in germination ability under 
osmotic pressure conditions. 


Literature Cited 


(1) Cor, G. E. 1956. Preliminary study of the correlation between seed 
germinability in sucrose solutions and root yield in sugar beets. (Ab- 
stract) Amer. Soc. Sugar Beet Tech. Meetings. 


(2) Fryxett, Paut A. 1954. A procedure of possible value in plant breed- 
ing. Agron. Jour. 46 (9) :431. 









JourNAL or THE A. S. S. B. T. 


GaskiLL, J. O. 1952. A new sugar beet breeding tool—two seed genera- 
tions in one year. Agron. Jour. 44 (6) :338. 


Hetmerick, R. H., and Preirer, R. P. 1954. Differential varietal re- 
sponses of winter wheat germination and early growth to control 
limited moisture conditions. Agron. Jour. 46 (12) :560. 


Ropcer, J. B. 1955. A study of methods for determining winter hardi- 
ness in alfalfa varieties. Master Thesis, Purdue University. (Unpub- 
lished) . 


Powe tt, L. M., and Preirer, R. P. 1956. The effect of controlled limited 
moisture on seedling growth of Cheyenne winter wheat selections. 


ee 


Agron. Jour. 48 (12) :555. 











re- 
‘ol 


di- 
ib- 


ed 















Sugar Beet Germination Selection Results in Osmotic 
Pressure Solutions Il. Yield and Chemical Con- 
stituents of Progenies, of Four Varieties 
from Osmotic Selection 
C. W. Doxtartor, P. C. HANZAsS, AND R. F. OLSON! 


Received for publication February 17, 1958 


There is a continuing need for new selection methods, for 
the purpose of increasing yield, improving quality, and other 
factors associated with variety improvement in sugar beets. 
Reference is made to Section I of this osmotic pressure selection 
study regarding literature cited and also the results which were 
obtained from germination tests. 

If selection in osmotic pressure solutions can cause changes 
in yield and quality of the sugar beet, this method would be of 
value in obtaining the desirable characters which were affected. 
Further, since very large numbers of seeds could be run with 
minimum effort. the cost of such selection would be creatlyv 
reduced. This paper presents the data obtained for yield and 
juice quality of osmotic selections of sugar beets grown in repli- 
cated field tests in 1956-57. 


Materials and Methods 


Four American Crvstal Sugar Company multigerm varieties, 
American No. 2, No. 3 N. No. 3 LSR and No. 3 S, were processed 
and graded to 7-9/64 inch and having a potential germination 
of 85 to 90 percent were used: and in September 1955 a four 
percent selection of the early sprouts and four percent for late 
sprouts was made from a solution of three-fourths percent sugar 
(sucrose) and three-fourths percent salt (NaCl). The early 
sprouts were obtained between 24 and 48 hours after the germina- 
tion tests were started, and the late sprouts between 192 and 240 
hours. These selections. desionated “A” and “B” respectively, 
were planted in pots and allowed to crow for two months in the 
greenhouse, after which they were photo thermally induced for 
70 days and returned to the ereenhouse for seed production. Seed 
was produced by means of sib pollination using white kraft bags. 
either by bagging plants together or by bag switching between 
plants. 

Mature seed of these sib progenies was bulked by selection 
and enough seed was obtained of the early and late selections of 
American No. 2, American No. 3 N and American No. 3 LSR 
to make a small nursery test in 1956. American No. 3 §S selections 


' Plant Breeder, Research Chemist. and Research Chemist, respectively, American Crystal 
Sugar Company, Rocky Ford, Colorado. 
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did not produce enough seed to be included. Selections of the 
four varieties made at a later date were also photo thermally 
induced and were transplanted in eight isolated groups in the - 
field for summer seed production. These summer seed lots were 
reselected for early and late sprouters (AA and BB) in September 
1956 using the same techniques with the first selections, except 
that seven and one-half percent inositol (approximately 10 at- 
mospheres) was used. Isolation of these selections for pollen 
control in the greenhouse was accomplished by use of polyethlene 
plastic cages. Adequate quantities of seed were obtained from 
all selections for the 1957 field test. 

In 1956 the A and B selections of the three varieties American 
No. 2, American No. 3 N. and American No. 3 LSR along with 
the parents were planted in six replications of plots. Single row j 
plots were used. 15 hills long, 20 inches apart, in rows 22 inches § . 
apart. The split plot design was used, with the A and B selections \ 
and parent being considered as sub-plots, and all three being 
considered as main plots of varieties. In 1957 the reselections 
were planted in 10 replications of plots two rows wide by 35 
feet long, also in the split plot design. The 1956 test was planted 
May 21 and harvested September 26: and the 1957 test was i 
planted Mav 21 and harvested September 29. The 1956 harvest v 
was by individual beet with crown. Each beet was analyzed se 
separately, after which the data was accumulated bv plot. Topping 
was by the standard method in 1957 with all beets taken for 
yield. Two 10-beet samples taken from each plot were used_to 
obtain pulp for chemical tests. 

Chemical analvsis of the 1956 samples was obtained for sugar. iu 
sodium. ealactinol. raffinose. and the nine amino acids—aspartic. M 
glutamic, asparagine, glutamine, glycine. alanine. gamma amino A 
butyric acid. valine, and isoleucine?. In 1957, purity of juice. 4 
calcium. and potassium were included in the chemical analysis. =» p 
All mineral elements were determined by the Beckman Flame ; SI 
Spectrophotometer and reported as percent on beet. Galactinol. 
raffinose and the nine amino acids were determined by paper my 
chromatography and are reported as percent on dry substance. i 


Experimental Results 

In Tables | and la are given the yield and chemical data of 
the two selections of each of three varieties and the parent. 

In this test there were no significant differences between vari- 
eties for yield of beets per acre. A significant difference was 
obtained between selections, however, with the early sprouting 
selection (A). being higher in vield per acre than the late sprout- 3 


* Lucine determined as isoleucine 
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Table 1.—Root Yieid Per Acre, and Percent Sugar, Sodium, Galactinol, and Raffinose on 
Early and Late Sprouting Selections from One and One-Half Percent Sugar-Salt Solution, on 
rhree Commercial Varieties (1956 Results). 





Tons Beets Percent Percent Percent Percent 
Variety Selection Per Acre Sugar Sodium? Galactinol® Raffinose? 
merican No. 2 4! 18.22 11.90 12 61 .63 
Parent 16.85 12.61 Al .60 .68 
BI 17.00 11.80 13 52 .74 
merican No. 3 N A 19.32 10.78 17 83 .72 
Parent 16.00 10.83 14 84 .73 
B 15.25 12.01 13 64 81 
\merican No. 3 LSR A 16.60 11.36 17 .78 .70 
Parent 16.37 10.87 13 .78 74 
B 16.50 12.27 13 60 60 
riety Averages: 
\merican No. 2 17.36 12.10 12 58 .68 
\merican No. 3 N 16.86 11.21 15 77 .75 
\merican No.3 LSR 16.49 12.00 14 72 68 
Selection Averages: 
A 18.05 11.35 15 74 68 
Parent 16.41 11.42 13 .74 .72 
B 16.25 12.03 13 59 72 
Significant Differences 
19:1 for: 
Varieties NS 52 01 NS NS 
Selections 1.19 .29 01 NS NS 
Varieties x Selections NS 71 01 NS NS 





' A= Early Sprouts; B = Late Sprouts 
2 Percent on Dry Substance 


ing (B), and the parent. In sugar percent, significant differences 
were obtained between both varieties and selections. The variety 
\merican No. 3 N was lowest in sugar. The B selection, as an 
average of the three varieties was significantly highest in sugar 
percent. The variety-selection interaction for sugar percent was 
significant. Although some of these selections showed only a 
slight variation from each parental variety the combined effect 
of the inconsistent responses was great enough to make a significant 
interaction. In sodium, the A selection was significantly high. 
There was no significant difference between varieties in amino 
acids. However, the selections were significantly different for 
glutamic acid, glutamine, alanine, and valine, with near sig- 
nificant differences obtained for total amino acid content. 
There was a negative relationship in this test for beet yield 
and sucrose in the selections of these varieties; but in other 
quality characteristics where significance was obtained the rela- 
tionship with yield was generally positive. Therefore, there is 
an indication that selection for early sprouting did increase ton- 
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nage along with sodium and certain of the amino acids, and de- 
creased sucrose percent. The only interaction of importance is 
in sucrose, and if this were found to be consistent it would be 
necessary for the plant breeder to select for sucrose in each variety 
which had been subjected to osmotic pressure selection. 

In Tables 2 and 2a are given the yield and quality data of 
the two reselections of the four varieties and the parents obtained 
in the 1957 tests. 

In this test no significant differences were found between 
any of the varieties or selections for any of the characters tested. 
To be significant at 19:1 odds, F values would have to be 2.42 
and 3.08 respectively. Further, there was no significant variety- 
selection interaction. 

Since the average root yield of the test was only 9.18 tons 
per acre with a sugar percent of 13.32, it appears possible that 
the full expression of grewth was not obtained in this season. 
It is known that the field was not in good condition due to cli- 
matic factors, and growth was observed to be slow throughout 
the season. However, since the selections were planted in 10 
replications and there was no significant difference in stand, it 
would be expected that some reliable differences would occur 
if osmotic selection had been effective. 


Discussion 

The field tests of the second osmotic pressure selections gave 
no evidence of difference in yield or chemical characteristics, 
which was a somewhat different result than that obtained from 
tests of the first selections. There is still no conclusive proof, 
therefore, that osmotic selection can be used to change yield and 
quality characteristics of sugar beet varieties. Reference is made 
to Section I of this osmotic report wherein significant differences 
in favor of the early sprouting selections for germination percent 
were obtained. This increased speed of germination will un- 
doubtedly tend to improve yield under some field conditions as 
a secondary effect. 

Summary 

Yield and quality data were obtained from early and late 
sprouting selection progenies in osmotic solution of three com- 
mercial varieties in 1956. Reselections of four varieties were 
tested in 1957. 

Although there was some evidence that the early sprouting 
selection progenies were higher in yield than the late sprouting 
selections, and the parent variety in 1956, evidence of this rela- 
tionship was not obtained in the 1957 tests. 
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Introduction 


Basic principles of maintaining soil fertility involve a sound 
crop rotation program in which crop residues are utilized and 
livestock are fed to keep fertility on the farm, and commercial 
fertilizers are used to replace the plant food elements which are 
sold and leached from the farm. 

The use of commercial fertilizer to help supply nitrogen and 
phosphate needs has become an important part of sugar beet 
production. 

There no longer can be any question concerning the neces- 
sity of supplying and maintaining adequate levels of nitrogen 
and phosphorus. However, there is a growing concern in the 
sugar beet industry relative to the use of excess amounts of nitro- 
gen. It is important that commercial fertilizers be used in 
amounts which will produce maximum amounts of sugar per 
acre. The studies reported in this paper were conducted to de- 
termine the level of nitrogen application which would be most 
advantageous to both the farmer and the processing company. 


Experimental Trials 


During the 1956 season field trials were conducted in Utah, 
Idaho, South Dakota, and Washington to test the effect of a wide 
range of nitrogen levels on both yield and sucrose percentage. 
Approximately one hundred pounds of P.O, were applied on all 
tests so that nitrogen was the variable studied. 

There were 35 field trials in all. The range of nirogen levels 
tested in each area is shown in Tables 1, 2, and 3. Each test con- 
sisted of 8-row strips of each nitrogen level and each set of treat- 
ments was in triplicate on each farm. Farms selected for test 
were located in widely separated parts of each district so that the 
final results would indicate an average result for each of the 
areas involved. The effects of these rates on yield, sucrose per- 
centage and indicated gross sugar per acre are shown in Tables 
1, 2, and 3. 


‘General Agricultural Superintendent and Research Assistant, respectively, Utah-Idaho 
Sugar Company, Salt Lake City, Utah 
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Table 1.—Effect of Nitrogen Rate on Yield of Beets per Acre in Various Districts During 





1956. 
Pounds of Nitrogen Applied per Acre 
No. of 40 Lbs. 80 Lbs. 120 Lbs. 160 Lbs. 200 Lhs. 240 Lbs. 
District Tests N N N N N N 
‘Tons Tons Ions Tons Ions Ions 
South Utah 5 27.10 27.99 28.83 29.13 
Garland, Utah q 21.33 23.58 24.68 24.50 
Idaho 10 18.03 19.61 20.87 20.81 
South Dakota and Nebraska 8 19.26 19.78 20.60 21.04 
Washington! 
New Land i 26.85 28.27 29.34 30.48 31.22 
Old Land 4 28.94 29.43 29.70 28.99 28.07 





' Nitrogen requirements appear to be much hieher on land which has been farmed a 
short period as compared to requireménts on land in older farming areas 


Table 2.—Effect of Nitrogen Rate on the Sucrose Content of Sugar Beets in Various 
Districts During 1956. 





Pounds of Nitrogen Applied per Acre 


No. of 40 Lbs. 80 Lbs. 120 Lbs. 160 Lbs. 200 Lbs. 240 Lbs. 


District Tests N N N N N N 
South Utah 5 15.90 15.46 15.20 14.59 
Garland, Utah 4 15.30 15.02 14.77 14.45 
idaho 10 15.80 15.79 15.72 15.39 
South Dakota and Nebraska 8 15.07 14.48 14.47 13.77 





Washington 
New Land 4 17.52 17.4 


7 
Old Land 4 15.12 15.53 15. 


16.58 
0 14.77 15.01 


o 
| 


io 





It is evident from the data in Table | that nitrogen applica- 
tions increased the yield in all areas. Judging from tests con- 
ducted in previous years, the first increment of 40 pounds of N 
undoubtedly gave the greatest response. In some areas there 
continued to be yield increases over the entire range of nitrogen 
applied, but in the balance of the areas maximum yields were 
obtained at rates lower than the maximum applied. 

In all areas there was a marked and continued decrease in 
sucrose percentage over the entire range of nitrogen applications 
(Table 2). However, this decrease became proportionately 
greater as nitrogen rates increased and as yield increase became 
proportionately smaller. 
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Table 3.—Effect of Nitrogen Rate on Yield of Indicated Gross Sugar per Acre. Tests 
Conducted in 1956. 





Pounds of Nitrogen per Acre 


No. of 40 Lbs. 80Lbs. 120 Lbs. 160 Lbs. 200 Lbs. 240 Lbs. 
District Tests N N N N N N 


South Utah 5 8614 8680 8812 
Garland, Utah 4 6526 7084 7290 
Idaho 10 5653 6173 6533 
South Dakota and Nebraska 8 5767 5854 5952 


Washington 
New Land 9857 10421 10286 


Old Land 9135 s 8543 8397 





It can be agreed that the optimum rate of nitrogen per acre 
is at some level slightly below the rate giving the highest yield 
of gross sugar per acre. Looking at the data on indicated gross 
sugar per acre it is noted that in every case the maximum amount 
of gross sugar per acre was produced at a rate of nitrogen applica- 
tion which was below the maximum applied (Table 3). 

In Utah, Idaho, and South Dakota the maximum amount of 
gross sugar was produced by 120 pounds applications of N and 
it is judged that the optimum rate of nitrogen application is about 
100 pounds of N per acre. 

In Washington there was a marked difference between tests 
located on farms in the older established farming areas and those 
on farms which had only been under irrigation for a four- or 
five-year period. In the older area the optimum rate of applica- 
tion seemed to be not more than 120 pounds of nitrogen per 
acre. In the new farming area the optimum rate seemed to be 
somewhere between 175 and 200 pounds of N per acre. 

These yield results were also confirmed by petiole tests using 
Diphenylamine. In Utah, Idaho, and South Dakota, 40-pound 
applications of N started showing deficiency symptoms, or lack 
of available nitrates, in beet petioles by about August 20; the 
80-pound applications showed shortage of nitrates about Septem- 
ber 25th; the 120-pound applications showed surplus nitrate in 
the petioles as late as October 15. 

In Washington, petiole tests indicated that on the older farm 
land 160 pounds of N were in excess of requirements, while on 
new farm lands the petiole tests indicated that the application 
of N needed to be 200 pounds or more per acre before an excess 
amount of nitrate was available in the petioles at harvest time. 
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Summary 


These data show the importance of properly evaluating nitro- 
gen needs in various areas and on individual farms within any 
area. 

Knowledge of the crop history, past fertilizer practice, and 
the yield level on individual farms is an important guide in 
estimating nitrogen needs. However, general conclusions can be 
drawn which serve as a guide in avoiding excess nitrogen use. 
It would appear that in most short season areas 80 to 100 pounds 
of N per acre will supply the needs of the sugar beet crop. In 
long season areas and on new land the requirements will be 
higher and may run as high as 200 pounds of N per acre. 








The Role of Reodorants in Industrial 
Odor Abatement 
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The use of aromatics and essential oils to counteract malodors 
is unquestionably the oldest form of odor abatement. Our own 
country was discovered by voyagers on their way to the East 
Indies to obtain dyes, spices and perfumes. The Bible tells us 
that the three wise men brought Jesus gifts of gold, frankincense 
and myrrh. The latter two represent aromatics and actually 
were valued higher than the gold. Even before this time, the 
Egyptians were experts in the art of masking odors with aromatics. 
One of the basic differences between ancient and modern appli- 
cations of reodorants is that frequently their original use was to 
counteract the lack of good housekeeping practices, while today 
we recognize the fact that reodorants should only be used after 
all practical procedures have been employed. 

Before proceeding further with the discussion, it is well to 
set forth a few definitions which will provide a common language 
and thus lead to a better understanding of the forthcoming ma- 
terial. The definitions given are somewhat arbitrary but, for the 
most part, can be cunsidered as authoritative. They are designed 
to provide a practical explanation of commonly used (and mis- 
used) terms. 

1. Air Pollution: The discharge of foreign matter—solid, 
liquid, or gas into the atmosphere. This may be odor- 
less, malodorous or pleasant smelling. 

Odor Nuisance: An odor, pleasant or unpleasant, which 
persists in the atmosphere to a point where objections 
to its presence are made public. 

Masking: The act of superimposing one odor over another 
so that only the new odor can be perceived. 

Reodorize: The act of superimposing one odor over an- 
other so that the original odor cannot be perceived. The 
superimposed odor may predominate or the effect may 
be to create a third (and more pleasing) odor. 

Deodorize: The act of completely removing all odor. This 
may be accomplished by a physical removal of the odor 
or by complete oxidation. 

Neutralize: To destroy the effect of an odor; this is really 
a poor term to use in odor control work except in the 
case of gases such as hydrogen sulfide (H.S), where 
actual chemical neutralizing can be accomplished. 


' Chief Chemist, Brooks Chemicals, Inc., Cleveland, Ohio. 
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Reodorant: Any odiferous substance which will reodorize 
an industrial malodor. Usually these will be liquid pre- 
parations containing aromatics and/or essential oils 
which have been rendered water soluble. As such, they 
may be diluted with water for spraying or they may be 
added to liquid waste. 


For the purpose of this discussion, we prefer to treat the 
terms “Air Pollution” and “Odor Nuisance” as different entities: 
i.c., they are not synonymous. It is true that coexistence of the 
two is possible but a pollution problem may be evident without 
an odor nuisance being created and conversely an odor problem 
may exist without any measurable degree of pollution. (This 
will be borne out further when we discuss the limits of odor per- 
ception.) It should also be understood that the use of reodorants 
is limited to odor abatement and that reodorants are of no value 
in mitigating pollutional problems; in fact, the misuse of reodor- 
ants can actually create a pollution problem where none formerly 
existed. (This is unlikely because of the economics involved 
but nevertheless serves to illustrate a point.) 


Probably one of the most important and often one of the most 
difficult tasks of the air pollution officer is that of determining 
if the existing problem is one of air pollution or odor nuisance. 
It is generally conceded that malodors in themselves do not con- 
stitute a health hazard other than perhaps the mental anguish 
created. (Which is probably hardest on the plant manager.) 
The rendering of chicken offal and chicken feathers creates an 
odor problem which is in a class by itself and few if any such 
plants have escaped being openly criticized and there are many 
examples of such plants being closed by a court order. While the 
proteinaceous decomposition products discharged to the atmos- 
phere by one of these plants are no doubt significant, the plants 
are not cited on the basis of pollution, but rather on the basis of 
creating an odor nuisance. While most waste lagoons are pleasant 
by comparison they can be placed in the same category insofar 
as their classification by air pollution authorities. 


While a theoretical approach is beyond the scope of this 
treatise, it is well to consider briefly the mechanism of odor per- 
ception. Several theories have been expounded as to the exact 
cause of odor perception but none of these has been universally 
accepted. The most recent theory set forth is that of low fre- 
quency molecular vibrations and their effect upon the olfactory 
nerves. The basic argument for this theory is that the odor 
property of a substance is found to be a ‘“whole-molecule”’ effect 
rather than the effects of certain functional groups or bondings 
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and low frequency vibrations also represent a ‘‘whole-molecule” 
property. Logical as this may appear, one cannot completely dis- 
regard the possible effects of functional groups, for certain atomic 
groupings have been shown to provide definite and similar odor 
characteristics to different molecules. Groupings of this type are 
referred to as osmophores which are analogous to the chromo- 
phores used by the dye chemist. Spatial configuration of the 
molecule is also a factor and it has been shown that two materials 
unrelated chemically but with similar molecular structures will 
exhibit like odor characteristics. 


One point of agreement by all proponents is the fact that to 
produce a perceptible odor, the substance must be in a gaseous 
(vapor) state. Discrete particles do not produce odors; smoke 
which is composed of colloidal carbon is odorless. The odor asso- 
ciated with smoke is due to the gaseous products of incomplete 
combustion. 


Knowledge such as this is applied in the development and 
application of reodorants. Thus, vapor pressure data becomes an 
important tool for the formulator when deciding upon a specific 
blend of aromatics to be used as an industrial reodorant. 


In spite of our high development of instrumentation, no one 
has devised an instrument to replace the olfactory nerves as a 
means of odor detection. Unfortunately, sensitive as the nose is, 
it does not permit us to make a true quantitative evaluation of 
odor. Furthermore, other sensory perceptions and the matter of 
association have a pronounced effect upon our evaluation of an 
odor. Odor problems exist as they do today because of the high 
sensitivity of the nose. The sensitivity of the nose is indicated 
by the fact that odors such as methyl mercaptan can be perceived 
and identified at levels as low as one part in one hundred 
million (1:1 x 10°). A good industrial reodorant must have a 
threshold value approximating this if it is to prove economically 
practical. We have prepared industrial reodorants with aqueous 
threshold values of 1:1 x 10°. It becomes immediately obvious 
that with highly odoriferous substances an odor problem can be 
created long before a real pollution problem manifests itself. 
Furthermore, the use of an effective reodorant is not likely to 
create or aggravate a pollutional problem. 


The use of reodorants represents but one approach to odor 
abatement problems and in order to fully appreciate their value, 
it is necessary to give consideration to other methods of control. 
In this way reodorants can be placed in their proper perspective 
and thus “used” rather than “mis-used” as is frequently the case. 
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There are many ways of classifying odor problems and odor 
abatement methods. Probably the most basic approach is that 
of dividing odor-producing substances into solids, liquids and 
gases and then proceed to list the available methods of control 
for each. However, all odors are gases, a fact which has been 
established, hence for the sake of brevity, we have chosen to start 
with two broad classifications of industrial odors. 

I. Malodorous vapors which may be collected and vented 
out a common duct. 

II. Malodorous vapors which cannot (for practical reasons) 

be so collected. 

It becomes immediately obvious that the job will be more 
simple if the first set of conditions can be met, and this should 
be of primary consideration in the construction of new plant 
facilities. Costly as the necessary equipment may be at the out- 
set, it will cost many times more if installed after the plant has 
been constructed unless specific provisions have been made for 
its installation at a future date. ‘The following list of odor abate- 
ment methods are applicable where the odor producing gases are 
collected. (While we are speaking of gases it must be understood 
that particulate matter may be present in the gas or vapor stream.) 


Odor Abatement Methods 


1. Scrubbing 

a. Water 

b. Chemical Solution 
2. Adsorption 

a. Charcoal 

b. Silic-Gel 
. Combustion 
. Catalytic Combustion 
5. Electric Precipitation 
. Oxidation 

a. Chlorine 

b. Ozone 
7. Reodorization 


~ In the sugar beet industry, both solid and liquid wastes are 
encountered and both represent sources of odor. The solid waste, 
if permitted to stand in a heap, especially in a warm climate, will 
undergo decomposition similar to any other organic waste and 
an odor nuisance will be created, to say nothing of the insect 
breeding potential. Periodic spraying of solid organic waste with 
the proper reodorant is both effective and economical. Actually 
for an application such as this, a combination reodorant-bac- 
teriostat preparation is advisable or one containing reodorant, 
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bacteriostatic and insecticidal agents. This type of spray will 
provide immediate odor relief and slow down the decomposition 
process so that malodor production is minimized. 


Most industrial reodorants will be supplied as water soluble 
concentrates and, therefore, they are applied in the form of an 
aqueous solution or emulsion. A high pressure agricultural spray 
unit represents the best means of applying the reodorant mix- 
ture but in the absence of such equipment, any device which will 
permit saturation of the stack exterior can be utilized. The rate 
and frequency of application are matters for individual consider- 
ation and are dependent upon such factors as ambient tempera- 
tures, humidity, physical construction of the stack and proximity 
of the waste to residential areas. Other industries have found 
this method of stack odor control to be economically feasible 
and there is no reason why the sugar beet industry should be an 
exception. 

Liquid organic waste, when fresh, presents no odor problem, 
however, bacterial degradation proceeds immediately and a waste 
may become very odiferous in a matter of a few hours. In in- 
stances where water is reused by recycling before being discharged, 
it will be in a partially septic condition prior to leaving the plant. 
To reduce the odor problem where water is reused. a bacteriostat 
or a combination bacteriostat-reodorant should be fed contin- 
uously and proportionately into the makeup water. 


As the liquid waste leaves the plant it can be treated with a 
reodorant which.will provide odor control either for lavooning 
or ditching, in the event the waste flows in an open ditch on its 
way to a public stream or public disposal plant. In the treat- 
ment of liquid wastes care should be exercised in the selection 
of a reodorant if B.O.D. reduction is a factor. (Consideration 
must also be given to the type and amount of bacteriostat, if any, 
added to the recirculated water in the plant.) The reodorant 
used for this purpose should be one which has been subjected 
to pilot plant tests to determine its effect upon B.O.D. reduc- 
tion in sugar beet waste. It is quite possible for a reodorant to 
show no bacteriostatic properties in one medium, yet have definite 
inhibitory effects in another at the same concentrations. 


Treatment of liquid wastes with a reodorant is simple. In 
many instances. it can be fed directly from the original container 
by attaching a needle valve to the drum. Where the volume of 
reodorant consumed is small, it is best to feed a water mixture. 
This may be dripved into the waste from a container or fed by 
means of a chemical feed pump. Intermittent feeding is not 
advised although it has been used, in instances, with a fair degree 
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of success. The rate of feeding will vary from five to fifty 
parts per million, depending on the nature of the waste and 
degree of odor control desired. Industrial reodorants are suc- 
cessfully used in the treatment of organic wastes (for odor abate- 
ment) by industries as well as municipalities. 


Reodorants can be incorporated in the general clean-up pro- 
gram of the plant. A small amount in the last rinse water will 
provide a clean pleasant odor throughout the plant. If frequent 
visitors are encountered the effect created will be of pronounced 
psychological benefit. While a good industrial reodorant will be 
sensibly non-toxic, it must, of course, be applied in a manner 
which will not cause contamination of foodstuffs. This need not 
present any more of a problem than does the use of ordinary 
cleaning agents. 


Up to now, we have considered only the physical aspects of 
odor control. The psychologcial factor cannot be taken lightly, 
as many times it looms above all others. To begin with, the lay 
person will associate odors with some mental picture which is 
familiar to him. Odors are not necessarily objectionable because 
of their particular character but often times because of the asso- 
ciation one has with that specific odor. For example, it is question- 
able if raw fresh sewage odor is any worse than the exhaust from 
a diesel engine, yet most people would be less “offended” by the 
latter simply because of the association attached to each odor. 


Likewise, one’s attitude toward the odor being emitted from 
a plant will be colored by the feeling that the individual has 
toward the plant. If the relationship of the plant with the com- 
munity is in general a favorable one, then for the most part the 
people will be more tolerant when malodors are experienced. 
It behooves any plant to foster good public relations and one way 
of doing this is to be the first to recognize an odor problem when 
it exists and to make the first move toward its abatement. The 
plant that has to be prodded by the community is always behind 
in its public relations prosram. Certainly any self-respecting 
plant will wish to make an honest effort toward odor abatement 
and if this effort is made hefore community pressure is applied. 
the action can take place in a more methodical and more eco- 
nomical fashion. 


The proper apvroach to any odor problem involves a careful 
study to determine what logical steps may be taken to mitigate 
the condition. A slight change in plant procedure, more ex- 
peditious handline of perishables. segregation of wastes and last 
but certainly not least, good housekeeping tactics can often lead 
to an improvement in overall conditions. After this has been 
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done it is time to select the method of odor control to be used. 
Reodorants certainly belong high up on the list of possible abate- 
ment measures. They are applicable in most every instance and 
frequently represent the only practical approach. 

In the selection of a reodorant, look beyond the price tag. Re- 
member that here, as with other commodities, the consumer usu- 
ally receives in proportion to what he pays. Select an organiza- 
tion capable of providing technical service and one which has the 
necessary laboratory facilities to cope with special problems. 
While we can learn from the Egyptians, we need not be limited 
to either their materials or techniques. 
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Numerous observations have shown that the problems of 
phosphorus and nitrogen fertilization are prominent ones in the 
sugar beet growing areas of the United States. Many workers 
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15)? have shown that 
a close inverse relation exists between nitrogen fertilization and 
sugar beet quality. Some workers have shown that this reduc- 
tion in quality is due to a lowering of sucrose percent, while 
others (3, 6, 14) show this reduction in quality was due to both 
a decrease in sucrose percent and an increase in non-sugars. Thus, 
yields and quality of sugar beets are so markedly affected by the 
quantity of available nitrogen and phosphorus that neither a 
deficiency nor a large excess should be tolerated. 

The reaction of different varieties to several levels of nitro- 
gen has been investigated by several workers (7, 9). Hills et al. 
(7) found a significant variety x nitrogen interaction while 
Krantz and MacKenzie (9) using the same two varieties did not 
detect a significant interaction. However, these two experiments 
were not grown at the same location. 

Since it has been shown that nitrogen fertilization and nitro- 
gen content of plant tissue are related to depression of sugar and 
purity of the extract juice of beet roots and since more and more 
farmers in the Red River Valley of Minnesota and North Dakota 
are trying to increase their yields through the use of commercial 
fertilizers, a study was conducted with the following objectives 
in mind: 

1. To study the effects of fertilizer treatments upon yield and 
chemical constituents of sugar beets. 

2. To determine if phosphate fertilizer will tend to offset 
an excess of nitrogen fertilizers. 

3. To determine if varieties react similarly under different 
fertility levels. 

Material and Methods 

The experimental data used in this study were obtained from 

an extensive field experiment on Fargo silty clay loam with a 


_ 1 Research Assistant. East Grand Forks, Minnesota; Manager Research Station. Research 
Chemist, and Research Chemist, respectively, Rocky Ford, Colorado, for the American Crystal 
Sugar Company. 

2 Numbers in parentheses refer to literature cited. 
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pH of 8.0, at East Grand Forks, Minnesota. Soil samples from 
this field tested by the Minnesota University Soils Department 
showed available phosphate as medium and available potassium 
as very high. The cropping rotation of the experimental area 
since 1950 has been a three-year rotation of sugar beets, grain 
and sweet clover, and sweet clover summer fallow. In June 
1955, the year prior to the experiment, a good stand of sweet 
clover was plowed under. For the remainder of the year the 
field was cultivated sufficiently to control weed growth and to 
permit the soil to absorb moisture. 


In October 1955, the test area was laid out in plots 30 feet 
wide by 50 feet in length with five-foot alleys surrounding each 
plot. A factorial split plot experimental design (3 x 3 x 3) was 
used which included three rates of nitrogen and phosphorus as 
the main plots, three different varieties as the sub-plots, and six 
replications. The nitrogen was applied as 33.3 percent ammon- 
ium nitrate at 0, 75, and 150 pounds per acre while the phosphate 
application rates included 0, 200, and 400 pounds of actual 
“P.O;” per acre applied as 42 percent treble super phosphate. 
The materials were carefully weighed for each plot and dis- 
tributed uniformly over each plot by hand. After the nitrogen 


and phosphorus were applied the total area was double disced 
to work the material into the soil and then ridged with the field 
cultivator to prevent the soil from blowing during the winter. 


The three varieties used were (V,) 47-801-0. (V.) 52-801-00 
and (V,) F54-11HB. Variety 47-801-0 was a dual variety produc- 
ing a good tonnage and having an acceptable sucrose percent. 
Variety 52-801-00 was a sugar type variety and variety F54-11HB 
was a Beet Sugar Development Foundation monogerm hybrid 
(1S3SH15 x US 400). The first two varieties were selected and 
bred for the Red River Valley area. 


Six rows of each of the three varieties were planted on each 
fertilizer treatment on May 21, 1956. The five-foot alleys running 
parallel to the rows were planted to sugar beets as a buffer be- 
tween fertilizer treatments. The test was harvested on October 
17 and 18 by taking four of the six rows from each variety 
sub-plot for yield data, with one row divided into two samples 
for chemical analysis. Fifty grams of pulp were taken from each 
of the two samples, quick frozen, and analyzed at Rocky Ford, 
Colorado. 


Sucrose determinations were made by the cold divestion pro-- 
cedure. Purity and non-sugars were determined utilizing ex- 
pressed juice from the beet and were reported as percent on juice. 
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Results and Discussion 

Significant differences were detected due to fertilizer treat- 
ments in four of the six characteristics studied while the varieties 
differed significantly from each other for three of these characters. 
Table 1 shows the characteristics studied and the levels of sig- 
nificance obtained from each. Since the amounts of “N” and 
“P.O,” applied were in arithmetical progression, treatments were 
subdivided into their linear and quadratic effects as shown in 
Table 1. 


Table 1.—Levels of Significance Obtained for Six Different Characters as a Result of 
Nitrogen and Phosphorus Fertilization and the Varieties Grown. 





No. of Lbs. Sucrose Percent Percent Percent 
Source of Variation Roots Per Acre Tons Sucrose Purity Non-Sugars 


Nitrogen * 


Phosphorus 

Nit. x Phos. NS * NI NS 
Varieties N wk 

Var. x Nit. NS NS NS 

Var. x Phos. NS N NS NS 

Var. x Nit. x Phos. NS NS NS NS 

Nitrogen linear us bia *% 

Nitrogen Quadratic $ NS NS 
Phosphorus Linear $ ** ** NS 
Phos. Quadratic NS NS NS NS NS 





NS Non Significant. * Significant at the 5% point. ** Significant at 1° point. 


Stands were very adequate and no significant differences were 
detected as shown in Tables 1 and 2. All varieties averaged 
within one root of each other and the main effects for nitrogen 
and phosphorus rates did not differ by more than five beets. 
The standard errors also were low which indicated that this test 
had an adequate population of uniformly spaced beets. There- 
fore, any differences in tonnage or sucrose percent cannot be 
due to the effect of stand. 

Table 2 shows the average main effects for nitrogen and phos- 
phorus rates and varieties for each attribute studied. Where the 
main effects were significantly different the L.S.D. values also 
are. given. 

Tables 1 and 2 show that nitrogen fertilization produced a 
significant increase (at the 5% level) in tons of beets per acre, 
and that the tonnage increase was in a linear regression with 
the amount of nitrogen applied. A highly significant increase in 
tonnage also was shown for the phosphorus fertilization and this 
increase too was highly significant for a linear trend. Varieties 
differed significantly in tons, as was expected, because they were 
chosen so in the beginning. Although the tons per acre increased 
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significantly with increasing rates of nitrogen and phosphorus, 
the sugar percentage decreased significantly as shown in Table 2. 
No significant interactions in yield were detected. 

The decrease in percent sucrose due to nitrogen fertilization 
was highly significant and followed a linear trend as shown in 
Tables 1 and 2. Phosphorus, likewise, decreased the sucrose con- 
tent (at the 5% level) and followed the same linear regression 
trend that nitrogen produced, however, the downward slope was 
not as great. Varieties also were significantly different at the 
one percent level for sucrose content. Again no significant inter- 
actions were detected between fertilizer treatments or varieties 
and fertilizers. 

When the two components of yield were multiplied together 
for pounds sugar per acre it was learned that the increase in ton- 
nage due to nitrogen and phosphorus was offset by the decrease 
which occurred in sucrose content. No significant differences 
were detected for fertilizer treatments as shown in Table 2. 


Table 2.—The Average Main Effects for Nitrogen and Phosphorus Rates and Varieties 
for Number of Roots, Sucrose Per Acre, Tons Per Acre, Percent Sucrose, Percent Purity and 
Percent Non-Sugars. 





Nitrogen Number Sucrose Tons Per Percent Percent Percent 
Applied Roots Per Acre Acre Sucrose Purity Non-Sugars 
0 Lbs./A 159 5003 14.87 16.85 83.20 3.46 

75 Lbs./A 154 4970 15.32 16.25 81.83 3.73 
150 Lbs./A 157 4924 15.53 15.88 80.48 3.87 
LSD (0.05) NS NS 48 30 _ 94 .20 
LSD (0.01) NS NS NS 40 1.25 27 


Degrees of Freedom 2 and 40 


Phosphorus Applied 


0 Lbs./A 156 4883 14.79 16.55 81.79 3.69 
200 Lbs./A 155 4996 15.34 16.32 81.87 3.62 
400 Lbs./A 158 5018 15.60 16.11 81.85 3.75 
LSD (0.05) NS NS 48 30 NS NS 
LSD (0.01) NS NS .65 NS NS NS 
Degrees of Freedom 2 and 40 
Varieties 
Vi 156 5132 15.76 16.31 81.89 3.62 
Ve 157 4967 15.04 16.56 81.92 3.75 
Vs 156 4798 14.92 16.12 81.71 3.69 
LSD (0.05) NS 97 -26 18 NS NS 
LSD (0.01) NS 129 34 24 NS NS 
Degrees of Freedom 2 and 90 





Highly significant differences were detected among the vari- 
eties with 47-801-0 outyielding the other two for sugar per acre. 
This variety was a dual purpose type, i.e., it produced a good 
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tonnage and has an acceptable sucrose content. It also was 
selected and bred for this area, whereas F54-11HB was a randomly 
picked monogerm hybrid which was not expected to yield as 
well as the varieties selected in this area. 

As previously shown, nitrogen significantly decreased the 
sucrose percent in a linear regression and also significantly de- 
creased the purity and increased the non-sugars. The fact that 
sucrose content was decreased and non- sugars were increased by 
nitrogen points out that the quality of juices was lowered by a 
doubling effect. This lowering of beet juice quality appears to be 
directly proportional to the amount of nitrogen applied. 

Phosphorus was shown to have little or no effect on purity, 
non-sugars and varietal differences. 

The data in Table 2 readily point out that there is a close 
inverse relationship between nitrogen fertilization and sugar 
beet quality. It is evident that the decrease in juice purity re- 
sulted from a combination of both a reduction in sucrose per- 
cent and an increase in non-sugar. These two characters, per- 
cent sucrose and percent non-sugars, were not significantly 
related in this test as shown by their correlation coefficient in 
Table 3. 


Table 3.—Correlation Coefficients Between Sucrose Percent, Purity, and Non-Sugars. 








Percent of Sucrose Purity 
Sucrose 
Purity .161* , 
Non-Sugars 117 .7184* 
* Significant at the 5% level = .155 
** Significant at the 1% level = .203 


This test indicated that in the Red River Valley of the North 
very little additional nitrogen is needed in producing a maximum 
yield of sugar per acre with high quality. The general agronomic 
practices in this area include the plowing down of a good legume, 
such as sweet clover, prior to planting sugar beets. If such a 
practice is followed, as was the case in this test, excess nitrogen 
will decrease the amount of sucrose produced per acre and also 
result in poor quality beets by lowering the sucrose percent and 
increasing the non-sugars. 

Summary 


The results of this test show that excessive applications of 
nitrogen fertilizer lowered the quality of beet juice by increasing 
the percent of non-sugars and decreasing the percent sucrose. 
The slight gain in tonnage did not compensate for the lowered 
quality of juice. 
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These data also show that excessive applications of phos- 
phorus fertilizer will not offset the detrimental effects of exces- 
sive nitrogen applications. Phosphorus at the higher rates also 
reduced the sucrose percent, but did not adversely affect any of 
the other characteristics studied. In general, an excess of phos- 
phorus can be tolerated. 


Nitrogen and phosphorus each produced its own individual 
effects upon each characteristic studied as no interactions were 
detected. 

Varieties differed significantly. However, each variety studied 
reacted the same to each fertilizer treatment as none of the inter- 
actions were significant. 
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The effect of phosphorus and nitrogen fertilization of sugar 
beets on yield of sucrose per acre and purity has been studied 
by numerous workers. Ogden et al. (8)* reported that many of 
these workers have shown a close inverse relationship between 
nitrogen fertilization and sugar beet quality. Several workers 
(5, 6, 8, 10) showed both a decrease in sucrose percent and an 
increase in non-sugars with increased applications of nitrogen. 
Hac et al. (5) and Walker et al. (10) demonstrated a very strik- 
ing increase in glutamic acid while Haddock et al. (6) showed 
that several nitrogen constituents of the sugar beet root increased 
with nitrogen applications. Rorabaugh and Norman (9) studied 
the effects of some of these impurities on the crystallization of 
sucrose and found that amino acids were a major contributor to 
sugar loss in molasses. 

It should not be assumed that nitrogen fertilization is the 
only factor which may modify the sucrose and purity of sugar 
beet extracts. Brown and Wood (3) and Doxtator and Bauser- 
man (4) suggest that sodium and potassium may be melassigenic 
substances while Rorabaugh and Norman (9) found that car- 
bonate and chloride salts affected crystallization adversely. 

Since the available data support the conclusion that nitrogen 
fertilization decreased the sucrose percentage and increases the 
non-sugars, thus greatly reducing the quality of beet juice, the 
present investigation was undertaken with the following objectives 
in mind: 

1. To study the effects of fertilizer treatments upon several 
individual non-sugar constituents of sugar beets. 

2. To determine if an excess of phosphate fertilizer tends to 
offset an excess of nitrogen fertilizer. 

3. To determine if the varieties when subjected to varying 
fertility levels differ significantly for the characteristics studied. 

' Research Station Manager, Rocky Ford, Colorado: Research Assistant, East Grand Forks, 
Minnesota; Research Chemist and Research Chemist, Rocky Ford, Colorado, respectively, for 


the American Crystal Sugar Company. 
2 Numbers in parentheses refer to literature cited. 
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Material and Methods 

The experimental data were obtained from an extensive field 
experiment at East Grand Forks, Minnesota, which has been 
previously described by Ogden et al. (8). Calcium, potassium, and 
sodium were determined on the Beckman DU Spectrophotometer, 
utilizing the method proposed by Bauserman and Olson (1), 
and are reported as percent on beet. The galactinol and raffinose 
evaluations were determined by paper chromatographic methods 
similar to those described by Brown (2). The amino acids were 
determined by a paper chromatographic procedure reported by 
Hanzas (7). The total amino acid content is the sum of the 
individual amino acids found by paper chromatography. Isoleu- 
cine and leucine spot was graded with isoleucine. All paper 
chromatographic determinations are reported as percent on dry 
substance. 


Results and Discussion 
A total of 15 different chemical constituents were studied in 
this investigation. Twelve of these characters as shown in Table 
1 showed a significant reaction (at the 5% level or greater) to 
nitrogen, but only four showed a significant change due to phos- 
phorus. Varieties also were significantly different for four char- 


acteristics, calcium, potassium, sodium, and raffinose. Significant 
interactions were detected for; nitrogen x phosphorus for glycine; 
variety x nitrogen for potassium, and the second order inter- 
action of variety x nitrogen x phosphorus for glutamine. Gal- 
actinol showed no significant differences. 

Since the amounts of “N” and “P.O,” were applied in an 
arithmetical progression, treatments were subdivided into their 
linear and quadratic effects as shown in Table I. 

From Table | (and Tables 2, 4, and 5) it-can readily be 
seen that as the nitrogen application increased, the amino acids 
and the total amino acid content increased. All of these amino 
acids, except aspartic, showed a significant linear trend at the 
one percent level. Although nitrogen produced only linear effects, 
some of the characters studied responded to phosphorus with a 
linear trend, others quadratically while others showed a linear 
x linear interaction. These will be discussed under the amino 
acid section. 

Elements 

The effects of the different fertility levels on the three ele- 
ments studied, i.e., calcium, potassium, and sodium varied a great 
deal and are shown in Table 2. 

The calcium content was significantly (5% level) decreased 
with increased application of nitrogen. Again this trend was 
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significant at the five percent level for its linear effects as shown 
in Table 1. Phosphorus fertilization caused a highly significant 
difference (1% level) for calcium content of the beets. Since 
the observations for phosphorus rates were taken at equally 
spaced intervals the response can be easily characterized by the 
use of orthogonal polynomials. A linear response was first tested 
and found to be significant but the deviations from linearity 
were also significant. The quadratic component was found to 
be significant and deviations from the quadratic were non-sig- 
nificant. Therefore, this response curve within the limits of 
interest can be satisfactorily approximated by a second degree 
polynomial showing that the calcium content of beets decreased 
with 200 pounds of “P.O,” but increased again at 400 pounds. 

Varieties also showed a significant difference for calcium con- 
tent and followed an inverse relationship with sucrose percent, 
i.e., the highest sucrose variety had the lowest calcium content. 

Fertilizer treatments did not affect the potassium content of 
the beets, but varieties were significantly different at the one 
percent level (Table 2). Variety 47-801-0 (V,) had the highest 
potassium content, 51-801-00 (V.) was intermediate, with the 
monogerm variety F54-11HB (V;) the lowest. A_ significant 
variety-nitrogen interaction also was detected, indicating that not 
all the varieties were reacting the same to the different rates of 
nitrogen application. This can be seen by examining Table 3. 


Table 3.—The Main Effects for Nitrogen and Varieties for Potassium Content. 





Varieties 


Nitrogen 2 


0 Lbs. 
75 Lbs. 
150 Lbs. 
Means 





The potassium content of V, increased with increasing rates 
of nitrogen while the potassium content of V, dropped slightly 
at the 75 pound rate but approached a value very similar to V, 
for the 150 pound application of nitrogen. The third variety 
remained fairly stable over all nitrogen rates, showing only a very 
slight increase in potassium at the 150 pound rate of nitrogen 
application. 

Both nitrogen and varieties showed a significant difference 
for sodium content as shown in Tables | and 2. This would be 
expected to some degree because of the negative relationship 
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between sodium and sucrose content. Ogden et al. (8) found 
that increased application of nitrogen decreased the sucrose con- 
tent in a linear regression. This same inverse relationship was 
quite active here, i.e., as the nitrogen application increased sodium 
content of the beets also increased (sucrose decreased) and all 
were significant for a linear trend as shown in Table 1. 

This negative correlation between sodium and sucrose again 
is quite evident in the different varieties. Variety 2 (52-801-00) 
was selected for high sucrose percent, and it showed significantly 
less sodium content than the other two strains. 


Table 4.—Mean Percent Glycine Produced by Various Fertility Levels and Varieties. 





‘a N 
: P.O: 


\ 
P2Os \ 75 Lbs. 150 Lbs. Means 


0 Lbs. § i 302 .298 
200 Lbs ; d 315 
400 Lbs. ‘ , .355 


N 
Means .271 


LSD (0.05) for treatments .040 
LSD (0.01) for treatments = .054 


LSD (0.05) for Nitrogen — .024 
LSD (0.01) for Nitrogen = .032 


LSD for Phosphorus = NS 


LSD for Varieties NS 





Table 5.—Mean Percent Glutamic Acid Produced by Various Fertility Levels and Varieties. 





N 
* P20; 


P:0s \ 75 Lbs. 150 Lbs. Means Jar. Means 


0 Lbs. .031 .036 044 037 033 
200 Lbs. 024 025 .034 .028 ls 029 
400 Lbs. .018 027 .036 d 's .030 
N 
Means 025 029 .038 031 NS 


LSD (0.05) for treatments .008 LSD (0.05) for Varieties = NS 
LSD (0.01) for treatments = .010 LSD (0.01) for Varieties = NS 


LSD (0.05) for Nitrogen = .004 LSD (0.05) for Phosphorus = .004 
LSD (0.01) for Nitrogen = .006 LSD (0.01) for Phosphorus = .006 
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Carbohydrates 


There were no significant differences in raffinose and galactinol 
content due to fertilization as shown in Tables | and 2, respec- 
tively. Varieties were significantly different for raffinose with 
V. (high sucrose selection) having the lowest raffinose content 
and V, (monogerm hybrid) having the highest amount of 
raffinose. 


Amino Acids 


All of the amino acids showed a significant linear response 
to nitrogen applications, while varieties showed no significant 
differences whatsoever for these nitrogen constituents. Tables 
2. 4, and 5 give the means contents, based on dry substance, for 
each amino acid studied under the various fertility levels and 
the varieties means. The total amino acid content was a sum 
of all the individual amino acids. 

Phosphorus had a balancing effect upon two of the amino 
acids, glutamic and isoleucine, and caused a slight decrease in 
the amounts of these two acids as the rate of phosphorus applica- 
tion was increased. This offsets, to a certain extent, the increase 
caused by nitrogen. 

Phosphorus produced both a significant linear and quadratic 
response for glutamic acid. Although the values are significant, 
the amounts of glutamic acid in the beets of this test as shown 
in Table 5 were so small compared with other amino acids, it 
seems doubtful if. they were of much importance. The response 
of isoleucine to phosphorus was linear and significant, again show- 
ing a decrease in amino acid content with increasing rates of 
phosphorus. 

Phosphorus also produced a significant difference in the total 
amino acid content as shown in Table 2. These data indicate 
that we have a threshold effect somewhere in the area of 200 
pounds of phosphorus, and too little or too much phosphorus 
will cause an increase in total amino acid content. The significant 
value also may be due to chance variation as it just barely reached 
the five percent level. The quadratic and the interaction of 
nitrogen linear-phosphorus linear, as shown in Table | were also 
significant. This would indicate that the total amino acid con- 
tent was not reacting to a linear regression for all rates of nitrogen 
and phosphorus. This can be seen by examining Table 2. 

A significant nitrogen linear—phosphorus linear reaction was 
also found for glycine (Tables 2 and 4). 

The data presented here showed that high nitrogen rates 
affected some of the constituents of the sugar beet which, in turn, 
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influenced the beet quality. Ogden et al. (8) using the same 
experimental material pointed out that nitrogen decreased the 
sucrose content and increased the non-sugars. This test also 
showed the increase of several individual non-sugars and found 
most of them increased significantly with increased rates of nitro- 
gen; this was especially true for the amino acids studied, which 
are harmful in the crystallization of sucrose (9). The amino 
acid which showed up in the largest quantity was glutamine which 
is readily converted to glutamic acid and P.C.A. in the factory. 
Rorabaugh and Norman (9) made the following statement con- 
cerning these latter two compounds: “The case against P.C.A. 
and glutamic acid is a two-edged one, since not only are they 
major contributors to sugar loss in molasses, but also decom- 
position of glutamine, the amide from which they originate, 
causes processing difficulties through lowering of buffering capa- 
city of juice and lowering of alkalinity. At the present time no 
method of elimination of glutamine by processing techniques 
is usable in the sugar factory, thus, its elimination is also in the 
hand of the beet breeder.” 


Summary 


The evidence presented in this paper indicates that certain 
rates of nitrogen affect some of the inorganic and organic con- 
stituents of sugar beets. some of which have been shown to in- 
fluence beet quality. The data indicated that many of the chem- 
ical cempounds commonly called impurities increased in the 
beets as the nitrogen rates increased. Excessive rates of phos- 
phorus had very little effect upon these individual non-sugar 
components and did not offset the adverse effects of nitrogen. 
Varieties were significantly different for calcium, potassium, 
sodium, and raffinose contents but were not statistically different 
for any of the other characters studied. All varieties, in general. 
reacted similarly to different fertility levels. 
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